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AN ANALYSIS OF HYBRID VIGOUR IN 
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BY ARNE MUNTZING 
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[* breeding work with autotetraploid rye (cf. MUNTZING, 1951) selec- 
tion has been carried out within several different strains and also 
in crossing groups involving two or more strains. After intercrossing 
evidence of hybrid vigour and increased fertility was obtained several 
years ago. In order to obtain accurate data on this point artificial 
crosses between tetraploid strains of three different rye varieties, Steel, 
Petkus and King, were undertaken in 1951. The crosses were made 
in the three combinations possible (Steel X Petkus, Steel X King and 
Petkus X King; in the present paper the names Steel, Petkus and King 
always refer to tetraploid strains of these varieties), and in each cross 
in both reciprocal directions. The number of kernels obtained was 
sufficiently large to enable the establishment of isolation groups as well 
as a small field trial, in which parents and hybrids were compared. In 
this trial the seeds were sown in the holes of marker boards with one 

. seed per hole, 5 cm. between the holes and 30 holes per row. In each 
cross there were 3 replications, each replication being represented by 
the parent strains (4 rows of each) and between them the two reciprocal 
hybrid combinations (2 rows of each). Thus, in each replication there 
was a total of 4 F, rows surrounded by 4 rows of each parent strain. 
To prevent border effects the whole trial was surrounded by tetraploid 
winter rye plants sown in spring and therefore not shooting. Germina- 
tion and sprouting in the autumn were quite satisfactory and also the 
wintering and further development during the summer of 1952. 


I. HYBRID VIGOUR IN YIELD PER PLOT. 


The kernel yield per plot, expressed in grams per 2 rows, is given 
in Table 1. In this table the values of the parent strains have been 
halfed in order to become comparable to the two reciprocal F,-com- 
binations. As is evident from the table, the F, values are generally 
higher than those of the surrounding parent strains, and in all three 
crosses the average F, values surpass both parents. In the first cross 
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TABLE 1. Kernel yield per plot (in grams per 2 rows). 


Material 1 en 3 Average 
RIPEN isa ssies pease see en winees 278 236 192 235,3 
DICEI POU 6 oo okcscsccese 281 195 246 240,7 
Petkus><Steel ......0026sc00% 300 257 243 266,7 
PRME So occ uee sd ee noeen eee 196 183 201 193,3 
Peep 3 SA a 152 163 164 159,7 
GMB OCMOIKGS 6. 6.5. oe esses oe 231 207 217 218,38 
Petkus>< KING ....-......552. 194 239 249 227,3 
Serene. U%s.s ci cos sauew ene eee 209 197 231 212,3 
PEO ugk eS ouciese ake ses 212 222 188 207,3 
POET GN 5 Ssieisin'oisin. nie sie o's 202 212 233 215,7 
Mani) Geteel 34). 6 s555 6s -ao~ 236 221 196 217,7 
ORG pie con aisles eel aieoe ne 151 159 162 157,3 


between Steel and Petkus the average value of the parents is 214,3 and 
that of F, 253,7. The latter value is 18,4 per cent higher than the former 
one. In next cross, King X Petkus, the F, plots gave 19,s per cent larger 
yield than parents, the average values of F, and parents being 186,0 and 
222,s, respectively. In the third cross, between Steel and King, the F, 
superiority amounts to 18,9 per cent, the average values being 182,3 
(parents) and 216,7 (F,). 

The significance of the differences between F, and parents was 
tested in two different ways with analyses of variance. The first way 
was to compare F, and P,, (parental average) in each cross separately 
and then to combine the data of all three crosses. Thus, for instance, 
in the first cross, Steel X Petkus, the P,, values of the three replications 
were 237,0, 209,5 and 196,5, the corresponding F,, values being 290,5, 226,0 
and 244,5. This will give the mean squares 2320,66 and 765,34 for variation 
between and within series, a v’ value of 3,03 and a P intermediate be- 
tween 0,2 and 0,05. Thus, in this cross the difference between F, and P,, 
is not significant. 

In next cross, however (King X Petkus), the variation within series 
is smaller, the P,, values being 180,5, 180,0, 197,5 and the corresponding 
F, values 212,5, 223,0 and 233,0. This will result in the mean square 
2035,04 for the variation between series and 102,17 for the variation 
within series. This gives a v’ of 19,92 and a P intermediate between 0,05 
and 0,01. 

A still better significance was found in the third cross Steel X King, 
having the P,, values 181,5, 190,5, 175,0 and the F, values 219,0, 216,5, 














HYBRID VIGOUR IN TETRAPLOID RYE 267 





214,5. The two mean squares will be 1768,16 and 32,84, respectively, 
giving a v’ of 53,84 and a P intermediate between 0,01 and 0,001. 

As all three crosses show similar differences between parents and 
F,, it is well justified to combine the data by adding the sums of square 
for »between» and »within» and the corresponding degrees of freedom. 
This gave the following result: 





Cross No. »Between» pent » Within» Tagees of 
freedom freedom 
1 2320,66 1 3061 ,34 4 
2 2035,04 1 408,67 4 
3 1768,16 1 131,34 4 
Total 6123,86 3 3601 ,35 12 
Mean squares: 2041,29 300.11 


This will result in a v’ value of 6,80 and a P intermediate between 
0,01 and 0,001. Thus, it may be concluded that in the three crosses studied 
the yield per plot in F, is significantly higher than the arithmetical mean 
of the parents. 

As a safe establishment of this fact is a necessary condition for the 
detailed study to be described below, the difference between parents 
and F’, was also tested in another way. Instead of using the P,, values 
for comparison with F,, the values of the parent strains were kept 
separate and analyses of variance undertaken with the three series in 
question (2 parent series and one F, series). As there will be 2 degrees 
of freedom for the variation between series, this variation was sub- 
divided into two components, one representing the difference between 
the two parents and the other one the difference between F,, and the two 
parents. As usual, the mean square corresponding to the latter degree 
of freedom was divided by the mean square for the variation within 
series. In the cross Steel X Petkus the resulting P value was found to be 
intermediate between 0,2 and 0,05, whereas in the other two crosses it 
was intermediate between 0,01 and 0,001. Thus, with regard to crosses 
1 and 3 this second statistical method gave the same P values as the 
previous method. With regard to cross No. 2 (King X Petkus), however, 
the P value was now one degree smaller than with the first method. 

If the data obtained by the second method are combined by adding 
the sums of square and the degrees of freedom of the three crosses, a 
v’ value of 6,38 will be obtained which with 3 degrees of freedom for 
»between» and 18 for »within» corresponds to a P which is again inter- 
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mediate between 0,01 and 0,001. Thus, the two statistical methods gave 
the same main result. 

It should also be pointed out that the significance of the hybrid 
vigour observed may be demonstrated in a still simpler way. From the 
data given above it is evident that in all of the 3X3=9 comparisons 
between F, and the two parents the F, value (average of the two reci- 
procal combinations) is higher than the average of the parents. If there 
had not been any difference, the F, value would just as often have 
been below as above the parental average. Then the chance that the F, 
value would be higher in all nine cases without significant causes would 
evidently be (’/,)°=*/,,,.=0,002. This P value is again intermediate be- 
tween 0,01 and 0,001. 


Il. THE SEPARATE FACTORS INCREASING YIELD IN F,. 


Kernel yield per plot is, indeed, a very complex character, and 
therefore it seemed desirable to try to find out at least some of the com- 
ponents leading to the increase in yield in F’,. Hence, a series of measure- 
ments were undertaken, the final results of which are given in Table 2. 
The values in this table represent F, values in per cent of the parental 
average, each figure being the mean value of the data from the three 
replications of each cross. 

The general impression of the table is that in most cases F, sur- 
passes the average of the parents, the percentage values generally ex- 
ceeding 100. Different characters, however, behave differently in this 
respect. Thus, for instance, with regard to kernel weight per plant we 
find that the superiority of F, in the three crosses amounts to 9,5, 7,9 
and 13,3 per cent, respectively. However, this superiority, though prob- 
ably real, is not statistically significant. It was tested with an analysis 
of the kind described above as method No. 1, i.e. involving a comparison 
between F, and P,,,. None of the separate crosses gives significant differ- 
ences, and the combined P value for the whole material (Table 2, to the 
right) is intermediate between 0,2 and 0,05. Kernel weight per ear, on the 
contrary, gave a higher degree of significance, the first and third crosses 
giving P values intermediate between 0,05 and 0,01, whereas in the sec- 
ond cross P is intermediate between 0,01 and 0,001. The P value after 
combination of the data of the three crosses is smaller than 0,001 and, 
thus, highly significant. 

In the same way the P values were calculated for the other measure- 
ments, excepting such characters where it is evident already from the 
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percentage values thai there is no significant difference between F, and 
the parental average. 

According to Table 2 the number of seedlings per plot, observed 
in the autumn a few weeks after sowing, is slightly higher in F, than in 
the parent, but only in one of the crosses, Steel XPetkus, does this 
difference reach the level ef significance. In number of mature plants 
per plot the difference between F, and parents is more pronounced, in- 
dicating that the F, plants have been slightly superior in wintering 
ability or superior during the period of vegetative growth after winter- 
ing. The combined data give a P intermediate between 0,05 and 0,01. 

F, is definitely superior in regard of number of flowers per ear, 
two of the crosses and the combined data showing a rather high degree 
of significance. The same is true of the number of kernels per ear, in 
regard of which the differences between F, and the parents are even still 
more marked. This is caused by the fact that also the percentage of 
seed setting is somewhat higher in F,. The difference is slight, it is true, 
and only amounting to about 3 per cent, but the combined data of this 
character gave a P intermediate between 0,05 and 0,01. 

Surprisingly enough the number of ears per plant was not higher 
in F,, than in the parents. However, a probable tendency to an increased 
degree of tillering in F, will, in the present case, be counterbalanced by 
the presence of about 8 per cent more plants per plot in F, than in the 
parents. Thus, the greater crowding in the F,, plots may tend to reduce 
the number of ears per plant. A negative coefficient of correlation 
(r=—0,13) was, indeed, obtained when correlating number of plants per 
plot and number of ears per plant but was not found to be significant. 

Two other notable exceptions to the rule of F, superiority are re- 
presented by 1000-grain weight and plant height. Otherwise it is rather 
obvious that the increased kernel yield, which for the three cross com- 
binations amounts to about 19 per cent, is built up by a series of smaller 
superiorities of which the most clear ones are an increased number of 
flowers per ear, an increased percentage of seed setting and a higher 
number of mature plants per plot. 

As we have already seen, the higher number of mature F, plants is 
primarily caused by a superior ability to survive during the vegetative 
period of growth but probably also to a better sprouting ability, the 
number of seedlings per plot in the autumn being slightly higher in the 
F, plots. 

Unfortunately the weight of the seeds sown was not determined, 
but there was no indication that the F, seeds were larger or of better 
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quality than the seeds of the parent strains, which were harvested on 
the same plots used for the artificial crosses. The average percentage 
of seed setting, when producing the F’, seeds, was found to be 53, which 
is only a few per cent lower than the average percentage of seed setting 
in the parent strains. In the present trial the average percentage of seed 
setting was found to be 52,4 in tetraploid King rye, 61,5 in Steel and 61,6 
in Petkus. Thus, the crossing had not resulted in a poor seed setting 
which would have tended to produce enlarged kernels. 


Ill. RATIOS OF SUPERIORITY OR INFERIORITY 
IN VARIOUS CHARACTERS. 


It was pointed out above that with regard to kernel yield per plot 
F, was superior to the parental average in all 9 replications represent- 
ing the three crosses. The chance of such a fact occurring at random 
without significance would only be (*/,)°=0,002. 

The corresponding ratios and P values for all the other measure- 
ments undertaken are given in the right half of Table 3. Some of the 
characters have given 9:0 ratios (P=0,002), viz. number of flowers, 
number of kernels and kernel weight per ear. In some other cases the 
ratio is 8:1, indicating that in one case of nine F, has been inferior to 
the parental average, in the other eight cases superior. The P value of 
‘ getting such an extreme distribution by mere chance is 0,02. This ratio 


TABLE 3. Ratios of superiority or inferiority in various characters. 


F, compared F, compared 
Cindi with superior with parental 
parent average 
Ratio P value Ratio P value 
Kernel weight per plot .............+...- Too 0,09 9:0 0,002 
» » Da PUNEERNE ora core stata chet tere pee 5:4 0,50 Sede | 0,02 
» » i Sen Ronee thee armen arericee 5:4 0,50 9:0 0,002 
Number of kernels per plot .............. 7:2 0,09 8:1 0,02 
1000-grain weight ...................0006 j Hee 0,998 5:4 0,50 
Number of seedlings per plot ............ ae 0,09 S31 0,02 
» » mature plants ................ 22 0,09 re ra | 0,02 
» > ears per plot ...2..02..6sss0 yi B?- 0,09 8:1 0,02 
» » » PINS UHIA Ro a verdte, sve leyeiule sieve 3:6 0,91 4:5 0,75 
» » flowers per ear .............. 4:5 0,75 9:0 0,002 
Per cent aborted flowers ................ 6:3 0,25 4:5 0,75 
Number of kernels per ear .............-- 4:5 0,75 9:0 0,002 
Percentage of seed setting ............... oe 0,98 se | 0,02 
PANOMAU PERC LIDENN EE gor (ale e's! everaiess. wictel otaiele oie erst ions 1:8 0,998 4:5 0,75 











272 ARNE MUNTZING 





and P value were found in regard of the following characters: number 
of seedlings per plot, number of mature plants, number of ears per plot, 
number of kernels per plot, kernel weight per plant and percentage of 
seed setting. These characters form a group well separated from a group 
of other characters, having ratios of 5:4 or 4:5 and large P values. 
These characters are plant height, per cent aborted flowers, number 
of ears per plant and 1000-grain weight. 

A comparison between these data in Table 3 and the figures in 
Table 2 is of interest. In all cases in which, according to Table 2, the P 
values were smaller than 0,05 we have also in Table 3 P values which 
are either 0,02 or 0,002. It should be observed, however, that in three 
cases (number of seedlings per plot, number of ears per plot and kernel 
weight per plant) the calculations represented by Table 3 gave rather 
significant P values (P=0,02), whereas the result of the analyses of 
variance for the same characters given in Table 2 was non-significant 
P values larger than 0,05. 

The values in the left half of Table 3 indicate to what extent F, is 
superior to both parent strains and thus showing an obvious degree of 
heterosis. The ratios in this respect range from 7:2 to 1:8, and all the 
corresponding P values are equal to 0,09 or larger. Thus, in no character 
is F, with certainty superior to both parents. It should be observed, how- 
ever, that for the characters showing a 7:2 ratio (F, being superior to 
both parents in 7 cases of 9), the odds are 91:9 that there is a real 
superiority. This was found to be true of the compound character kernel 
yield per plot as well as of some of its components, viz. number of 
seedlings, number of mature plants, number of ears and kernels per plot. 

It is rather striking that in some characters in which F, is signific- 
antly superior to the parental average, it is by no means significantly 
superior to both parents. Such is, for instance, the case with regard to 
_ the number of flowers per ear, kernel weight per ear and percentage 
of seed setting. 


IV. DISCUSSION. 


In several species of autogamous plants hybrid vigour has been 
observed in F', combinations of different pure lines (cf. MUNTZING, 1945; 
HAGBERG, 1952.a and b), but as is well known, the most striking in- 
creases in vigour are obtained in allogamous plant and animal species 
by the intercrossing of inbred lines. Similar increases have also been ob- 
served to occur in certain crosses between different allogamous popula- 
tions. The cases of this kind first known are reported by ZIRKLE (1952). 
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According to him, BEAL in 1880 succeeded to increase the yield of corn 
by intercrossing two stocks of the same type of corn which had been 
grown a hundred miles apart for a number of years. The increase in 
yield is said to amount to 51 per cent, but this figure probably involves 
only one of the parental varieties in relation to F,. SANBORN (1890) con- 
firmed BEAL’s result and reported that his own hybrid corn yielded in 
the ratio of 131 to 100 for his inbred. MORROW and GARDINER (1893 a 
and b) reported that in each of five different crosses investigated the 
yield from the cross was greater than the average from the parent 
varieties. According to them, it seems that crossbred corn gives larger 
yields at least for the first and second years after crossing than an 
average of the parent varieties. A very marked increase in plant height 
was observed by WEBBER (1900) in F, of the cross »Hickory King < 
Cuzco», the former being a native North-American variety, the latter a 
variety from Peru. According to EAST and JONES (1919), increases in 
yield of grain are frequently obtained when ordinary commercial 
varieties of maize are crossed. Rarely are the increases greater than 10 
per cent, however, and even this is more commonly to be expected 
when varieties of somewhat different type are used; for example, flint 
and dent. COLLINS (1910) obtained especially large increments in yield 
by hybridizing types of corn from different geographical regions. 

In rye the effects of intercrosses between different diploid varieties 

‘have been studied by HAGBERG (1952 c). He made a series of pair crosses 
between and within the summer rye varieties Petkus, Giant and Od. The 
F, plants showed no indication of heterosis in the length of the straw 
but only in tillering and, consequently, in weight of plant and yield of 
grain per plant. The material was too limited to allow calculations of 
the yield per plot. In all three F, combinations possible kernel yield per 
plant was found to be higher than in the best of the parent varieties. 
This superiority amounted to 17 per cent in the cross Giant x Od, to 12 
per cent in Petkus X Od and to 2 per cent in Giant X Petkus. The degree 
of hybrid vigour in the latter cross is supposed to be low because Giant 
and Petkus are probably very closely related. 

In the same paper HAGBERG reports that, in contrast to rye, inter- 
crosses between eight local strains of red clover failed to reveal any 
significant differences between inter-strain and intra-strain crosses. 
HAGBERG assumes that this is due to the fact that the genetical variation 
within the clover strain is still very extensive, even in comparison with 
the differentiation between strains. 

The data reported in the present paper show that hybrid vigour in 
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rye is not limited to diploid material but also occurs in F, combinations 
between tetraploid varieties. In the three F, combinations studied kernel 
yield in F, was found to be 18,4, 19,8 and 18,9 per cent higher than the 
average of the parents and 7,8, 4,9 and 4,5 per cent higher than in the 
best parent. This degree of hybrid vigour seems to be lower than in the 
crosses Petkus X Od and Giant X Od studied by HAGBERG but higher than 
in his cross Petkus X Giant. 

One reason for a low degree of hybrid vigour in the present crosses 
is the fact that the three varieties involved are rather closely related, 
King rye representing a selection from Steel and Steel a selection from 
Petkus. However, there is another factor to consider which will operate 
in the opposite direction, viz. the fact that the tetraploid varieties are 
derived from a rather limited number of original diploid individuals. 
This is especially true of tetraploid Steel which represents a combination 
of the genes present in the nine diploid plants, from which this variety 
is derived (MUNTZING, 1951, p. 18). In tetraploid King the number of 
original diploid individuals is somewhat higher (MUNTZING, unpub- 
lished). In tetraploid Petkus, being produced in Germany, the corres- 
ponding number is unknown to me. 

In contrast to the material of HAGBERG (1952 c), in which the super- 
iority of the F, plants was due to an increased degree of tillering, the num- 
ber of ears per plant in the tetraploid material was not higher in F, than 
in the parents. This difference between the diploid and tetraploid rye 
material may be only apparent, the tillering in the tetraploid F, plants 
being counterbalanced by a higher number of mature plants in the F, 
plots than in the parental plots. Furthermore, in HAGBERG’s material 
the individual plants had better opportunities of tiller development 
than in the tetraploids, the distances between the plants being 10 cm. in 
the former material, 5 cm. in the latter one. 

The main point of interest in the present paper is the fact that the 
increased kernel yield in F, is built up by a series of smaller superiorities, 
of which the most clear ones are an increased number of flowers per 
ear, an increased percentage of seed setting and a higher number of 
mature plants per plot. This is, indeed, to be expected with regard to 
such a complex character as kernel yield which is known to be con- 
ditioned by the combined effects of many genes. It is of interest, how- 
ever, to demonstrate that not a single or a few but rather a series of 
different circumstances with more or less slight positive effects may 
combine to give a very marked final result. 

This is probably a universal phenomenon and has been observed 
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more or less clearly in various species of plants and animals. Thus, for 
instance, a study of Table 2 in a paper on heterosis by SHULL (1952) 
reveals that in maize the difference in yield between inbred (A) and 
crossbred (C) material is dependent on number of stalks per plant, on 
number of grain rows per cob and probably also on plant height. Rela- 
tively moderate superiorities in these respects combine to give a very 
large superiority in yield per acre. Thus, if the number of stalks is 71 
in the inbreds and 91,3 in the crossbreds, and the corresponding pairs 
of values are 12,6 and 16,9 for grain rows and 19,3 and 23,5 for plant 
height, this corresponds to a yield of 25,0 bushel per acre in the inbred 
material and as much as 63,5 bushels per acre in the crossbred group. 

East and JONES (1919, p. 161) quote a similar example from a 
material of guinea-pigs studied by WRIGHT. Crossbred animals were 
distinctly superior to their inbred relatives in nearly all characters 
connected with vigour. In spite of the fact that their inbred mothers 
were small and somewhat deficient in vigour, a slightly larger per cent 
of crossbreds than of inbreds were born alive, and a distinctly larger 
per cent of those born alive were raised. They were somewhat heavier 
at birth in a given size of litter and gained in weight much more rapidly 
between birth and weaning. They matured earlier and produced larger 
litters and produced them more regularly than the inbreds. 

Another similar example concerns fertility in Drosophila melano- 
gaster (GOWEN, 1952). Lifetime egg productions show greater heterosis 
than any of the component factors which ultimately determine it. 
Length of egg laying period has 113 per cent heterosis, maximum egg 
production 154 per cent, and resistance to decline in vigour, as measured 
by egg production with advancing age, 120 per cent, while the over-all 
character lifetime egg yield has 203 per cent heterosis. Heterosis also in 
this case appears to be a consequence of the combined action of two or 
more groups of distinct and more elementary characters which, when 
jointly favourable, lead to generally high yields. 

HAGBERG (1952 b) has found that in F, hybrids between pure lines 
in Galeopsis a favourable combination of the different growth rhythms 
of the parents is frequently obtained. To cover such cases he has coined 
the term combination heterosis. This indicates that F, combines from 
the parents two or more traits, each one favourable for the total vigour, 
without showing heterosis in any one of them separately. This evidently 
applies very well to the present material of tetraploid rye and also to 
the other instances mentioned. 

It should be observed that with regard to the use of the term 
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heterosis HAGBERG (1952 a) adopts the view that F, should be compared 
to the superior parent, and that true heterosis or luxuriance only occurs 
when F, is superior to the best of the parent lines. In my opinion the fre- 
quent occurrence of combination heterosis, in which a series of slightly 
positive traits combine to give a marked end result, speaks against the 
biological validity of a heterosis concept defined as superiority of F', over 
the best of the parents. Evidently there is no essential difference be- 
tween cases in which F, is superior to the arithmetical average of the 
parents and cases when F, happens to surpass also the superior parent. 
The latter alternative will happen more frequently when the parents 
have similar values in regard of the characters measured. If, on the 
contrary, there is a wide difference between the parents, it is much less 
likely that F, will surpass both parents. Nevertheless the same biological 
phenomenon is at work in both cases, a superiority of F, in various 
respects, which is most conveniently demonstrated by comparisons be- 
tween F, and the average values of the parents. 


SUMMARY. 


(1) Tetraploid strains of the rye varieties Petkus, Steel and King 
were intercrossed and the resulting three F, combinations compared 
with the parents in a yield trial. Kernel yield per plot was significantly 
higher in F, than in the parents, the superiority of F, over the parental 
average ranging from 18,4 to 19,8 per cent. 

(2) Detailed data were gathered for 13 characters, and it was found 
that most of them contribute to the hybrid vigour in kernel yield. This 
is especially true of the number of flowers per ear, the percentage of 
seed setting and the number of mature plants per plot. 

(3) Other cases of combination heterosis are discussed, and it is 
pointed out that there is no essential difference between cases in which 
F, is superior to the average of the parents and cases where F’, happens 
to surpass also the superior parent. 
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STUDIES ON SELF-STERILITY IN RYE, 
SECALE CEREALE L. 
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ne NCED self-sterility has long been a well-known phenomenon 
in rye. As early as in 1877 Rimpau (quoted from ULRICH, 1902) 
proved the predominance of self-sterile individuals in populations of 
rye. Since that time, the knowledge of occurrence and inheritance of 
this self-sterility has been extended by several investigations (e.g., 
HERIBERT NILSSON, 1916; BREWBAKER, 1926; PETERSON, 1934; HERIBERT 
NILSSON, 1953). Different degrees of self-sterility were proved within 
and between different varieties of rye, and these differences seemed to 
be strongly conditioned by genetic factors. The latter two authors 
suggest that self-sterility in rye might be controlled by oppositional 
alleles of the well-known Personate type. However, a strict genetic 
analysis of the mechanism of self-sterility, has not as yet been ac- 
complished owing to serious practical difficulties, the material being 
annual with a concentrated flowering period and few inflorescences. 
In connection with an investigation of the effects of inbreeding in rye, 
the need of such an analysis was realized by the present writer. 


MATERIAL AND METHODS. 


The material studied belongs to the Swedish diploid commercial 
variety »Stalrag» (Steel-rye). This is a very highbred variety derived in 
1911 as a single plant selection from the Swedish »Stjarnrag» (Star- 
rye), which, in its turn, is derived from the famous Petkus-rye (LJUNG, 
1921). On selfing after parchment bagging, seed setting in Steel-rye has 
averaged 2,5—3,5 %, and about 90 % of the plants have been below the 
limit of 5 % seed setting (MUNTZING, 1943; LUNDQVIST, 1947). 

22 plants taken from an élite population, were cloned in the autumn 
of 1951. The majority of these clone plants were exposed to frost, and 
tillered next summer. After selfings fairly large S, progenies were ob- 
tained from a number of these clones. By means of repeated cloning 
and delayed cold treatment most of the remaining clone plants were 
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forced to a delayed tillering in the summer of 1953. In these cases it was 
possible to test the S, progenies on parental plants. 

Following a delayed sowing, caused by a retarded harvest of the 
material, the S, progenies did not winter well. Practically all seed sown 
germinated, but not more than about 60 % of the original material was 
available for the experiments in the summer of 1953 (Table 1b). This 
reduction, however, is not likely to have seriously influenced the re- 
presentativeness of the material. The plants were kept in boxes outdoors, 
and only immediately before flowering were they transferred into the 
greenhouse, as were the parental clone plants also, previously grown 
in beds. 

Within the material available, S, plants were selfed, intercrossed, 
and, if possible, reciprocally backcrossed to their parents. All the 
crossings were made in the greenhouse, and included emasculation 
and manual pollination with collected pollen. No complete security was 
obtained, however, against illegitimate pollination during these mani- 
pulations as another material of flowering rye was also kept in the 
greenhouse, but considering the undisturbed air conditions of the green- 
house, the risk of contamination was probably not significant. The 
pollen was examined under a microscope before the pollinations to con- 
trol that it contained morphologically well developed pollen grains. 
The interval between emasculation and pollination varied between 1 
and 14 days, and commonly numbered 4—8 days. Data from ears with 
an interval of more than 15 days were excluded, as a detailed study of 
the seed setting in different parts of the ears revealed that, in these cases, 
their ability to conceive had declined. The classification of mating re- 
sults was not based on the absolute values of seed setting, but made 
allowance for the age of the ear at the time of pollination, and the dis- 
tribution of seed setting in the ear. Concentration of seed setting to the 
uppermost and, especially, to the lowermost parts of the ear, was taken 
as an indication of decreasing ability to conceive. 


EXPERIMENTAL RESULTS. 


SELFINGS. 


In most cases the parental clones could be selfed in two subsequent 
years, and the values of seed setting have been summarized in Table 1 a. 
For different practical reasons, 7 of the original 22 clones were dis- 
carded after the first year. Seed setting of the selfings of 1952 averaged 
2,17 %, which is in good agreement with the values obtained in previous 
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more extensive selfings in Steel-rye (MUNTZING, I. c.; LUNDQVIST, I. c.). 
Of special interest is the good agreement within different clones between 
the values of seed setting on selfing from the two years. The self- 
sterility of the plants is unimpaired by their longevity, and the different 
degrees of self-sterility are obviously only to a small extent conditioned 
by external influences. 

Selfings of plants in the S, progenies (Table 1b) give further sup- 
port to the impression that the different degrees of self-sterility are 
clearly genetically conditioned. An analysis of the correlation between 
the values of the clone selfings in 1953 and the corresponding values 
from selfing in the S, progenies, will give a correlation coefficient 
r=+0,77 (0,01 > P > 0,001). In some of the S, progenies, selfing also 
revealed a very distinct group of self-fertile plants. The average fertility 
on selfing of this category has been entered separately into Table 1 b. 


CROSS-POLLINATIONS. 


The self-fertile S, plants were compatible as male, both in back- 
crosses to their parent plants, and in intercrosses to their siblings. As 
female parent, on the other hand, they did not differ from the other 
plants in their average compatibility reaction. As they were considered 
to constitute a separate problem their mating results as males will not 
be treated in this connection. It should be pointed out, however, that 
‘LEwIs (1949), discussing the question of mutations in incompatibility 
alleles, presented arguments which may very well be applicable to the 
present cases, too. 

The remaining results have been summarized in Table 1c under 
three different headings: backcrosses in both directions, and inter- 
crosses. For each separate parent-offspring group, the table presents 
within each category the total number of mating combinations tried, 
and the number and percentage of them classified as compatible. 

Some regularities are quite apparent in Table 1c. Backcrossed as 
male, the parental plants are predominantly — considering the whole 
material in 77 % of the cases — compatible with their S, plants. Back- 
crossed as female, on the other hand, they are completely incompatible. 
Though the restricted numbers of matings within the individual parent- 
offspring groups, will not permit a statistical evaluation of the sim- 
ilarities between different groups in their incompatibility reactions, 
these similarities are considered to be great enough to warrant, in the 
following, the individual values being summed up and treated as an 
entirety. 

Hereditas XL. 19 
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TABLE 2. Frequencies of compatible and incompatible matings within 
S, progenies. 


(S, plants grouped according to their compatibility reactions as female with their 
parent plants.) 
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* Belong to the same plant. 


Intercrossing within the S, progenies resulted in reciprocally com- 
patible, incompatible, and one-way compatible mating combinations. 
In all, 59 % of the matings were compatible. Backcrossed as female to 
their parent plants, 78 % of the S, plants in question were compatible; 
the remaining 22% were incompatible. Intercrossed as male parent 
to their siblings the former group were compatible in 54 %, as female 
parent in 82 % of their mating combinations (Table 2a). The corres- 
ponding values for the backcross incompatible group, were 74 % and 
11 %, respectively (Table 2b). The similarity in the compatibility re- 
actions between this latter group and their parental plants, is striking. 
Summarizing the results in Table 2, it might be stated that plants most 
successful as male parent are the more incompatible as female parent, 
and conversely. 


GENETIC INTERPRETATION, 


The clear-cut results from the reciprocal backcrosses together with 
the similarities in incompatibility reactions of parental plants and of 
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backcross incompatible S, plants, respectively, seem to indicate a 
relatively simple genetic mechanism controlling incompatibility in rye. 
The results, however, are not in accordance with those expected from 
the systems recognized as controlling self-incompatibility in homomor- 
phic flowering plants — the Personate system and the Composite 
system, respectively — so far as their typical cases have been outlined 
in diploids. The main characteristic of the rye system is obviously the 
high frequency of compatible mating combinations, as compared to that 
following either of the two other incompatibility systems. 

In both these systems the incompatibility is controlled by a multi- 
allelic locus. When stylar tissue and anther tissue have one or both of 
the possible alleles in common, a pollination may be followed by an 
inhibited pollen tube growth. In the Personate system, however, the 
anther tissue will only indirectly, by means of the meiotical factor 
apportionment, be capable of determining the reaction of a certain 
pollen grain: the pollen reacts with a given stylar tissue completely 
according to its own genotype (EAST and MANGELSDORF, 1925). In the 
Composite system (HUGHES and BABCOCK, 1950; GERSTEL, 1950) the 
anther tissue will determine the incompatibility reactions of the pollen 
grain directly: with a given stylar tissue all pollen grains from a com- 
mon source, will react alike, irrespective of the different genotypes they 
might have obtained at meiosis. Finally, the gene action of the stylar 
‘tissue is independent, in the Personate system at least: each allele of 
the style is capable of producing a complete incompatibility reaction 
with a pollen grain independent of its partner allele in the style. In the 
Composite system there might sometimes be some complications, re- 
sulting from dominance interactions between the alleles in the style, e. g. 
in Cosmos, and perhaps in Parthenium (CROWE, 1954). 

Compared to a gametophytic pollen control, the sporophytic pollen 
control will involve an increased proportion of incompatible mating 
combinations. The parental plant will in the extreme case. be reci- 
procally incompatible with its S, offspring. At the same time the fre- 
quency of compatible sib-matings within the S, offspring will at least 
equal that of the mating S, plants Xparental plant. The Composite 
system, even in modified form, will obviously not be applicable to the 
rye data. 

The incompatibility relations under the control of a Personate in- 
compatibility system, are illustrated in Scheme 1, and summarized 
in Table 3 A. 

Table 3 B presents the values obtained from rye. The similar ten- 
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Scheme 1. Incompatibility relations within a parent-offspring group. One Personate 
incompatibility factor system assumed. (Combinations with no factor in common, 
compatible. Numbers printed in italics denote incompatible combinations, Numbers 
outside the brackets denote proportions of compatible matings in per cent for the 
mating categories of Table 3.) 


dencies of the two compatibility series, seem to indicate that the in- 
compatibility mechanism in rye may constitute a modification of the 
Personate type. The following hypothesis has been arrived at to explain 
the incompatibility relations in rye: 


TABLE 3. Percentage of compatible cross-pollinations in different 
mating combinations under the assumption of different numbers of 
Personate incompatibility systems. 


(BC + =female compatible with the parent plant 
BC—= » incompatible » » » » ) 








| | | 
A B C 
| One system | Actual values | Two systems | 





| a. Intercross BC +  S, 75 | 82 8125 | 
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| f. » BC— XS, | 0 11 | 0 | 
| 0 0 | 0 | 


g. Backeross P Ss: 











SELF-STERILITY IN RYE 285 





P Sy, Zs, (selfed) 


S, 

ae bon! han) Sa - N NX N ~ 
xd ~ ° + ~ 7+ ° ~~ ~~ 

= °° ~~ o =~ so ° ° ~*~ nd 

DN N N N N N N N N 

- -_ na nan - i id Nn Nn 

-_ “ Nn Nn _ Nn -~ = _ 

i Nn n Nn Nn Nn Nn Nn Nn 























rami it terete ee 4 | 
S25; 1.00) lie HP 2a ~ Se ae) | 81,25 % 
si ¢ 2 * 8 4 8 BD |] (a) 
Maat ee ee eee He 
| 
$fiehsi Pt Pee eee 
‘aie € eS ee ee # |] 
} | 0% 
4S,.Z see 2 ee OR 
ie 28 4 4 4 4 | (f, 9) 
56,2 % 15% 
(e) (b, ce) 
60,9 % 
(d) 


Scheme 2. Incompatibility relations within a parent-offspring group. Two Personate 

incompatibility factor systems assumed. (Combinations with one or no factor in 

common, compatible. Numbers printed in italics denote incompatible combinations. 

Numbers outside the brackets denote proportions of compatible matings in per cent 
for the mating categories of Table 3.) 


TABLE 4. 7°-test of frequencies of compatible matings within mating 
types of Table 3. 


(Letters denote mating categories of Table 3.) 
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(1) There are two multiallelic incompatibility factor systems co- 
operating, the S-series and the Z-series (terminology from LAWRENCE, 
1930). 

(2) The pollen will contain two incompatibility alleles, one from 
each series. Control of incompatibility is gametophytic. Both alleles 
must be matched in the style in order to render the pollen incompatible. 

(3) The stylar tissue will contain four incompatibility alleles, two 
from each series. Within the systems these factors are acting inde- 
pendently. 

The incompatibility relations, expected under the control of two 
Personate incompatibility factor systems, which cooperate according to 
the hypothesis given, are illustrated in Scheme 2, and summarized in 
Table 3 C. As can be seen from Table 4, there is a good agreement be- 
tween data observed and values expected on hypothesis, it being as- 
sumed that the parent plants are heterozygous in both loci, except for 
mating category f (backcross incompatible S, plant < S, plants), where 
the occurrence of two compatible pollinations is against the hypothesis. 
Both these pollinations were performed on the same mother plant. This 
individual might have been misclassified as parent incompatible, when 
tested to its parent plant. In all original parent plants (perhaps with 
the exception of clone No. 3) data seem to indicate heterozygosity in 
both loci. 


DISCUSSION. 


Cooperation of two allelic series of incompatibility factors has been 
suggested in some previous connections, primarily as an explanation 
of cases of one way incompatible matings between individuals not 
derived from selfing. In order to explain SirKs’s (1926) data on Ver- 
bascum phoeniceum, LAWRENCE (l.c.) assumed two series of opposi- 
tional alleles — the S-series and the Z-series, respectively — one being 
more or less a duplicate of the other. A pollen with at least one of its 
two alleles unmatched in the style was by this hypothesis compatible, 
but the identity between the two allelic systems was assumed sometimes 
to be sufficient to permit an incompatibility reaction even between 
alleles belonging to different series. 

OWEN (1942) observed one-way sterility in reciprocal crossings in 
a material of Beta vulgaris, and was able to explain the mating results 
rather satisfactorily after applying to his data the above-mentioned 
hypothesis on Verbascum phoeniceum. Some results also from mating 
between self-sterile and self-fertile plants followed by double back- 
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cross to the self-sterile parental plant, could most easily be explained 
on the assumption of duplicate incompatibility factors. 

SEARS (1937), investigating incompatibility in Brassica oleracea 
var. italica, was able to confirm the observations of differences in reci- 
procal crosses (KAKIZAKI, 1930). The latter investigator tried to explain 
the peculiarities assuming an interaction between two allelic systems, 
one inhibiting, the other stimulating pollen tube growth. As pointed out 
by SEARS, there will be a serious obstacle to this interpretation caused 
by the ability of pollen to grow on unspecialized media. As a substitute, 
SEARS proposed the existence of two allelic systems, the S-series and the 
Z-series, respectively, both of the oppositional type with different in- 
compatibility power in their different alleles. One allele of the pollen 
grain matched in the style, consequently, would sometimes be sufficient 
to cause incompatibility; both alleles would in other cases have to be 
matched. Certain allelic identities between the two series would cause 
further complications. 

From Brassica campestris also similar occurrence of one-way in- 
compatibility in reciprocal matings is reported (OLSSON, 1953). 

From the examples mentioned above the assumption is derived 
that presence in the pollen of two different incompatibility factors will 
cause an impairment of the incompatibility reaction. A similar impair- 
ment of the incompatibility reaction, has been observed also in the 


. controlled instances of duplicate series of oppositional alleles, offered 


by artificial autopolyploids of well analysed self-incompatible species. 
In Oenothera organensis, LEwits (1943) demonstrated that the causes of 
this impairment are localized to the male gametophyte and not to the 
stylar tissue. The pollen was formerly adapted to carry only one in- 
compatibility factor. Two different alleles in the same pollen grain, 
therefore, will often result in some kind of interaction between the 
alleles (dominance, competition; LEWIs, 1943, 1947). Depending on 
genotype and allelic combinations, there will be different degrees of 
allelic interaction in the pollen, leading to different degrees of in- 
compatibility impairment. At the one extreme of competitive allelic 
interaction, there will be no incompatibility reaction, even with both 
alleles of the pollen matched in the style. At the other extreme, the 
presence of only one allele common to the pollen and the style will 
still result in a complete incompatibility reaction. LEwIs (1943) suggests 
that the latter possibility might give the explanation of certain irregular- 
ities in the incompatibility data on Verbascum and Beta. Finally, the 
reaction of the pollen grain may be completely determined by only one 
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of its two alleles, which then exhibits some degree of dominance over 
the other allele. 

The existence of two cooperating allelic series of incompatibility 
factors can obviously be explained in different ways. A new system can 
arise completely independently and be elaborated in addition to a 
system already at work. Considering the highly specific character of 
the incompatibility reaction (LEWIS, 1949), it is not probable, however, 
that alleles will arise identical with those already existing in the old 
series. The interpretation of the incompatibility conditions in Verbascum 
and Beta, implied at least partial allelic identity between the two series, 
and in the case of Brassica also this possibility is considered (SEARS, 
l. c.). The existence of two series of incompatibility factors is therefore, 
most probably, the result of a duplication of a more or less radical 
kind, as far as these species are concerned. Verbascum phoeniceum is 
most probably an allotetraploid species, constituted by two self-in- 
compatible species hybridizing and thereby combining two series of 
incompatibility factors, and Brassica oleracea is at least a partial poly- 
ploid (LAWRENCE, /.c.). In Beta vulgaris, with a somatic chromosome 
number= 18, very little will be found to indicate polyploidy. TISCHLER 
(1950) assigns 9 to be the basic number of Chenopodiaceae, but a few 
species are found within that family with n=6. In haploid Beta vul- 
garis is meiotic pairing non-homologous (LEVAN, 1945). Nevertheless, 
some kind of duplication within the genome of Beta vulgaris, also, seems 
to be the unavoidable corollary of the incompatibility data given by 
OWEN (l.c.). 

Returning to the present case of rye, Table 1 will show no com- 
plications which can be traced back to allelic identity between the two 
series of incompatibility factors. On the whole, the 15 clones have had 
similar mating reactions, independently of the degree of pseudo-fertility 
shown in the single instances. The interaction between alleles in the 
pollen, seems to be regularly competitive. At least, there are no in- 
dications of complications, resulting from dominance interaction be- 
tween the alleles. 

By themselves, therefore, the results do not permit definite con- 
clusions as to the origin of the second series of incompatibility factors. 
They constitute, however, the genetical equivalent to the observation 
that out of the seven different chromosomes in rye four can be grouped 
into two pairs (PATHAK, 1940). PATHAK suggests that the basic number 
of rye was originally 5. Studying the pachytene stage in rye, LIMA- 
DE-FARIA (1952) demonstrated that corresponding to these similarities 
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in the somatic chromosomes there are considerable resemblances in the 
chromomere arrangements of the chromosomes in question. That, how- 
ever, was not accepted as a definite demonstration of polyploid charact- 
eristics in rye, and LIMA-DE-FARIA (/.c.) referred to the fact that, prob- 
ably, meiotic pairing in haploid rye is mainly non-homologous (LEVAN, 
1942). The chiasma frequency, however, did indicate that one chiasma 
was more easily formed than the rest of the chiasmata, and that fact 
might be taken as an indication of the presence of one or two large 
duplications within the genome of rye (LEVAN, l.c.). 

The problem of the origin of the second series of incompatibility 
factors in rye, can not be solved on the present material, but at least, 
it can not be excluded that here, too, it might be connected with some 
kind of duplication. Anyhow, it might be questioned how it is possible 
for two series of incompatibility factors to exist side by side, obviously 
in a very regular cooperation: loss mutations and differentiation in a 
new direction would tend to eliminate the incompatibility controlling 
action in one of the series, provided the biserial system is lacking special 
selective advantage. 

As an integral part of the breeding system of a flowering plant 
species an incompatibility system will primarily prevent self-fertilization 
and restrict the fusion of nuclei from individuals closely related to one 
another or else of a similar genotype. Outbreeding is encouraged. The 
. immediate consequence will be a restriction of the frequency of inferior 
genotypes, which result from random interbreeding through the mating 
of genotypes that are similar owing to close relationship or mere chance. 
The incompatibility, however, might also affect combinations where 
neither relationship, nor genotype, in themselves warrant it. Interbreed- 
ing is no longer free, certain mating combinations are favoured, and so 
the incompatibility system might to a certain degree counteract itself. 
This restriction of randomness of interbreeding is inverted to the number 
of different incompatibility alleles of the population, and, consequently, 
it is of great importance for the population to contain several different 
incompatibility alleles (cf. MATHER, 1944). 

The average frequency of individual incompatibility alleles in the 
population, will, however, decrease with an increasing number of differ- 
ent alleles, and random drift due to the accidents of sampling, will lead 
to an increased elimination of alleles from the population (WRIGHT, 
1939). It will obviously be an advantage if an incompatibility system 
can combine the relatively unimpaired random interbreeding following 
a polyallelic system, and the stability against random drift, associated 
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with an oligoallelic system. Under certain assumptions these advantages 
can be associated with an incompatibility system, where the factors are 
apportioned to two allelic series. 

The apportionment of a given number of incompatibility alleles 
to one and two factor series, respectively, is assumed. In the case of two 
incompatibility factors in the pollen, the assumption is retained from 
the hypothesis proposed above, that both of them must be matched in 
the style in order to produce a complete incompatibility reaction. Under 
the simplifying assumption that, within each single series, the alleles 
given are equally frequent, and that their corresponding possible zygotic 
combinations in the population are equally frequent, too, the number of 
incompatibility alleles in the population at one series will be represented 
by n; and at two series by n, and n,, respectively. The following com- 
parison will show frequencies of different kinds, calculated on these 
assumptions. 





























Number of possible on = | wd “ | 
one series | two series | 
a. Pollen genotypes n NyNy | 

| : 
nin—1 na(n, +n nN, — 3) | 
b. Style genotypes ( ; ) 1Ma(My i 12 ) | 

c. Incompatible combinations between 

pollen and style n(n — 1) nyn,(nyny — 1) | 
d. Total combinations between pollen n?(n — 1) n?n,?(n, +n, + nn, — 3) | 
and style 2 4 | 





The ratio c/d will express the restriction of random interbreeding. 
The difference between the two incompatibility systems will be rather 
small at a high number of incompatibility alleles, will have its maximum 
at a moderate number (8—20), and will again decrease at a still lower 
number of factors. With an unequal apportionment of alleles to the two 
series of incompatibility factors, the difference between the monoserial 
and the biserial systems will be reduced. In the extreme case, one of the 
two series being represented by a single allele, the function of the bi- 
serial system is, in fact, that of amonoserial system reduced by one allele. 

The differences between the monoserial and the biserial systems 
will, on the whole, be rather insignificant, however: of the total number 
of possible interbreeding combinations, 5—10 per cent more will be 
incompatible at the monoserial system, maximally. On the other hand, 
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the stability against sampling accidents, shown by the biserial system, 
seems to be more important. The very fact that, by hypothesis, every 
individual will contain at least three different incompatibility alleles, 
will mean a better guarantee against losses of alleles, caused by random 
drift. Moreover, the single alleles will here be represented in proportion- 
ally more individuals than will be possible with a monoserial system. 
Following the assumptions above, a certain allele will be represented in 
the population according to the following expressions: 
an—1) 2 ; ; 

; nin—1) ae = proportions at one series of factors 

, 2(n, + n,n, — 2) 

* n(n, + ny + nn, — 3) 

2(n, +- nyn, — 2) 
“i n(n, + n, + nn, — 3) 





= proportions at two series of factors 





Especially at low and moderately high numbers (up to about 20) 
of incompatibility alleles, the average occurrence of alleles in the popu- 
lation will be considerably higher at a biserial incompatibility system 
than at a monoserial one. Differences between the systems amounting 
to 10—30 per cent of the total number of individuals in the population 
can be obtained now. Unequal apportionment to the two series of the 
total number of the incompatibility factors of the population, will of 
‘ course lead to the individual alleles in the larger series becoming less 
common, whereas the alleles of the smaller series will be correspondingly 
better represented in the population. On an average, however, the bi- 
serial system will be strongly superior to the monoserial system. 

It may now be of interest to draw attention to the selective ad- 
vantage, that competitive allelic interaction in the pollen may have in 
autopolyploids in relation to the dominance interaction (BREWBAKER, 
1953). Autopolyploid populations are often derived from a restricted 
parental material, resulting in a more frequent inbreeding, and domin- 
ance pollen will then not be able to function as often as competition 
pollen. Self-fertile combinations are selectively favoured (BREWBAKER, 
l.c.). A prerequisite for this selective advantage of self-fertility, is the 
increased resistance to inbreeding, shown by polyploids (e.g., LUND- 
QVIST, 1947, 1953). Rye being a diploid organism, selection has here 
followed a different path. Self-fertility will now be disadvantageous 
owing to the bad effects of inbreeding, and therefore selection seems 
to have favoured a rather moderate allelic competition in the pollen. 
The incompatibility reaction is impaired, certainly, and one allele of the 
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pollen matched in the style will not be sufficient to cause inhibition of 
pollen tube growth; but two impaired incompatibility reactions added 
to each other, when both alleles of the pollen are matched in the style, 
will be sufficient for a complete incompatibility reaction. Self-fertiliza- 
tion is still prevented, and at the same time the population will have its 
supply of incompatibility alleles more safely guarded and thus ensure 
an effective interbreeding. 


Acknowledgement. — The author is much indebted to Dr. G. OSTER- 
GREN for directing his attention to the possibility of a selective advantage 
of a biserial incompatibility system. 


SUMMARY. 


(1) An analysis of self-incompatibility was tried with 15 clones of 
»Steel-rye». S, plants were reciprocally backcrossed to their parent 
plants, and intercrossed. 

(2) Different gradations of self-incompatibility seemed to be strongly 
genetically conditioned. 

(3) The frequency of compatible mating combinations was consider- 
ably higher than is to be expected on other incompatibility systems, 
so far recognized. Affinities to the Personate system were revealed. 

(4) A hypothesis is proposed, that incompatibility in rye is con- 
trolled by two allelic series of incompatibility factors, both acting on the 
Personate scheme. Competitive interaction between factors in the pollen 
is made probable. 

(5) The origin of the new series of incompatibility factors through 
a duplication is not excluded. 

(6) It is suggested that, under certain conditions, the biserial in- 
compatibility system may have a selective advantage as compared to a 
monoserial system. 
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I. INTRODUCTION. 


\ \ J ITHIN the last few years much interest has been concentrated 

on the variations in differential sensitivities to ionizing irradia- 
tion which have been found in both plants and animals. These variations 
may be inherent in that they depend on processes or physiological states 
in the test object which, while sometimes recognized, can not always be 
controlled, or they may be induced by different chemical and physical 
agents. The variations may be in reverse directions: increasing or de- 
creasing the effects of the irradiation. 

Particular interest has been paid to the protection action of low 
oxygen concentrations during the period of irradiation. Two hypotheses 
have been proposed to explain this protective action: (a) At low oxygen 
concentrations there are induced fewer primary chromosome breaks 
than in higher oxygen concentrations. (b) There is induced the same 
‘ rate of primary breaks but low oxygen concentrations favour the re- 
joining of broken ends. The results of earlier investigations have been 
interpreted as favouring the first hypothesis (THODAY and READ, 1949; 
GILES, 1952). Later experiments by SCHWARTZ (1952) with maize have 
been interpreted in terms of the latter hypothesis. In experiments with 
Drosophila, BAKER and VON HALLE (1953) have also considered their 
results as supporting the latter hypothesis. 

There is, however, a fundamental difference between the original 
statement of SCHWARTZ and the later statements of BAKER and VON HALLE 
although both support the »rejoining hypothesis». SCHWARTZ has stated: 
»Chromosomes broken in the absence of oxygen are more capable of 
rejoining than chromosomes broken in the presence of oxygen». This 
means that the rate of breaks which remain unjoined is lowered in ab- 
sence of oxygen. BAKER and VON HALLE, however, state that »... the 
breaks induced in N, are more likely to rejoin and to rejoin more quickly 
than those induced in air. Since the only type of rejoining possible in 
the sperm is restitution (excluding sister-strand fusion if the chromo- 
some is split) the end result would be fewer breaks available at the time 
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of fertilization to form new arrangements», and further that »... al- 
though the O, concentration affects the ability of a broken chromosome 
end to restitute in the sperm, it does not influence its ability to rejoin 
at the time of fertilization». This means that the rate of breaks which 
remain unjoined, per break available at fertilization, is not affected by 
oxygen concentration. From these citations it is clear that they discuss 
different processes in a similar vocabulary, with a consequent confusion 
of the concepts. In order to arrive at an understanding of the oxygen 
action it is necessary to distinguish between an effect on the general 
rejoinability of broken ends (rejoining of broken ends in the original 
or in a new order; SCHWARTZ) and on a time-limited restitution (re- 
joining only in the original order) having the general rejoinability at 
the time of fertilization unchanged (BAKER and VON HALLE). 

As the discussion by BAKER and VON HALLE is based on the opinion 
that there is no differential sensitivity in sperm, their results are open 
to a reinterpretation since it has been demonstrated that there is a 
differential sensitivity among the chromosomes in the sperm of Droso- 
phila, a sensitivity which depends both on the age of the males at 
treatment and on the time between treatment and insemination (LUNING, 
1952, a and b). 

The present paper deals with an analysis of the oxygen action on 
X-ray induced chromosome breaks in Drosophila sperm studied by one 
type of mutation known to be due in the main to minute rearrange- 
ments and another type of aberration due to a gross deficiency. There 
are also included some studies on the oxygen action on irradiated 


females. 
Il. MATERIAL AND METHODS. 


In the studies of the effect of different oxygen concentrations on 
induced dominant lethals and vital rearrangements in Drosophila 
sperm, Muller-5 (M5, scS! B In S w* sc’) males were irradiated. In tests 
of dominant lethality it is desirable to use females which lay large 
numbers of eggs having a high rate of hatchability when mated to non- 
irradiated males. According to STROMN4:S (1949), F, daughters from 
cn bw; e* QQ XCanton S Co fulfil this requirement. Dr. STRGMN4:S 
has kindly placed these stocks at my disposal. This type of F, daughters, 
referred to as »egglaying» females, has been used both as mates to 
irradiated males, and in the second part of the investigation, they have 
themselves been irradiated and mated to non-irradiated males of the 


Canton §S stock. 
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In order to study vital rearrangements induced in spermatozoa, 
M5 males have been mated to y w sn females, and the F, offspring have 
been analysed. 

As I intended to study vital rearrangements induced in eggs, I 
would use the same types as in the experiments with irradiated sperma- 
tozoa. Consequently, I ought to irradiate M5 females and mate them to 
y w sn males of the same stocks as mentioned above. 

This use of M5 females is, however, hazardous since there is not 
only a high rate of induced yellow mutations but there is also a high 
rate of spontaneous yellow mutations in Muller-5 chromosomes. As 
most of these yellow mutations are recessive lethals, they would not be 
detected in the M5 stock but would appear when M5 females are mated 
to yellow males, thus giving clusters of yellow individuals independent 
of irradiation. One can avoid this drawback by a special technique 
which makes use of the fact that the lethality is mostly balanced by the 
sc’ Y chromosome which contains y* ac* loci from a sc*-X chromo- 
some. If the y* allele in the sc*° Y is mutated to y, males containing a 
lethal yellow mutation in the X chromosome and having the y sc’-Y 
chromosome would be vital and phenotypically yellow. By this techni- 
que it is possible to detect most yellow mutations besides those few 
which are lethal also with y sc’ Y. During the experiment 2 yellow males 
were detected in the stock. No clusters of yellow mutations were found 
in the experiments, indicating that there were no females heterozygous 
for a spontaneous yellow mutation. Virgin females are taken from this 
M5 X M5; ysc’Y stock. After irradiation they were mated to ywsn males. 

The flies were irradiated in a wooden box with a plexiglass top 
and through which was passed a stream of air or of commercial ni- 
trogen. In the latter case they were left 10 minutes in nitrogen before 
irradiation with x-rays from a Skandia Intensiv apparatus operated at 
170 kv, 15 m A, and with an inherent filtration equivalent to 2 mm Al. 
The dose was 3240r given in 6 min. Stocks and cultures were reared 
on yeast suspension as described by the author (LUNING, 1952 b). They 
were incubated at 25°+1° C. 


III. EXPERIMENTS. 
1. MALE IRRADIATION SERIES. 


The most striking results in the investigation by BAKER and 
VON HALLE (1953) were that when irradiation of males was carried out 
in an atmosphere of nitrogen the same rates of dominant lethals were 
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TABLE 1. The effect of oxygen concentration on the rate of dominant 

lethals induced in spermatozoa inseminated the first or the second day 

after irradiation of 0—1 day old Muller-5 males mated to F, daughters 

from the cross cn bw; e” QQ XCanton S O'C’. Eggs were collected the 
day after removal of the males. 




















Period of in- | 
Atmosphere _semination Total number % 
in days after | » {of eggs hatched 
| treatment 
Air 1 905 45,6 
» | 2 664 58,1 
Nitrogen | 1 891 57,6 
» | 2 854 | 60,3 





induced in sperm inseminated in the first 24 hours after irradiation as 
in the following 24—48 hour interval, while when irradiation in air 
induced more dominant lethals in the first sperm batch than in the 
second. — A similar difference between the 1st and 2nd day sperm 
batch irradiated in air had been observed in this laboratory (LUNING, 
1952, p. 98), but these studies were more concerned with variations at 
another time interval after irradiation, and the significance of the 
difference in the first two sperm batches was not further studied at 
that time. 

The first task was to verify the results of BAKER and VON HALLE 
in a rather small experiment using the same criterion of effect as they 
had used, viz. dominant lethals. 

For reasons which will be given below 0—1 day old Muller-5 
males were irradiated either in air or in an atmosphere of nitrogen. The 
males were immediately mated to »egglaying» females in pairs, prior 
etherization the males were transferred to new virgin females 24 hours 
later. They were discarded after another 24 hours. The females were 
allowed to lay eggs the day following removal of the males, and only 
cultures with larvae were counted. The results are presented in Table 1. 
As can be seen, these data agree with the results of BAKER and 
VON HALLE. 

Dominant lethals are generally presumed to be due to two differ- 
ent chromosomal causes (LEA and CATCHESIDE, 1945), i.e., breaks 
which remain unjoined and breaks which rejoin in asymmetrical inter- 
changes. Changes in the rate of dominant lethals could be due to one 
or both of these two causes. It has been shown (LUNING, 1952 b) that 
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variation in the rates of induced dominant lethals as a function of the 
time between irradiation and insemination was paralleled by a vari- 
ation in the rates of gross rearrangements (hyperploid males), indicating 
that the variation in the rates of dominant lethals was due to both causes 
mentioned above. 

By using the same technique, in order to take advantage of the 
occurrence of hyperploid males, it is possible to study the cause of the 
different rates of dominant lethals in spermatozoa inseminated the 1st 
and the 2nd day after irradiation in air in contrast to the lack of 
difference between the two batches resulting from irradiated in nitro- 
gen. BELGOvVSKY (1938) showed that, in chromosomes with large in- 
versions, with one break close to yellow locus and the other in the 
proximal heterochromatic region, there are induced higher rates of 
yellow mutations than in wild type chromosomes. Most of these yellow 
mutations are also achaete and behaved as recessive lethals. This type 
of yellow mutations was found to be due mainly to minute rearrange- 
ments (see review by LUNING, 1952 c). By using Muller-5 males, it is 
therefore possible to study both minute and gross rearrangements in 
the same experiment. 

The material to be collected for the particular problems mentioned 
above could also be used to elucidate quite another problem related to 
the earlier studies of variation in the breakability of chromosomes in 
- sperm inseminated up to 10 days after irradiation. The cause of this 
natural variation could be due possibly to differences in the oxygen con- 
centration in various stages of spermiogenesis. To investigate this 
aspect of variation, use could be made of the results from spermatozoa 
inseminated within the first days after irradiation in nitrogen, and to 
these could be added a series where the same males were mated also 
at the 7th to the 10th day after irradiation. As the maximum difference 
between the rates of chromosome breaks induced in spermatozoa in- 
seminated the first days as compared to the 7th to 10th day appeared 
when 0—1 day old males were irradiated in air (LUNING, 1952 b), it was 
convenient to irradiate the Muller-5 males in the present experiment 
when 0—1 day old. Immediately after irradiation the males were mated 
to yw sn females (6—8 pairs per vial). 24 hours later the males were 
transferred to a new group of virgin females for 2 days. Presumably 
the second mating should have been for a 24- instead of a 48-hour 
period, but as the rate of dominant lethals induced in spermatozoa in- 
seminated during the 2nd and 3rd day is about the same (LUNING, 
1952 a) it was technically easier to conduct the experiment in this way. 
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TABLE 2. Offspring from crosses y w sn QQ2 XM5 C'C. The males were 

irradiated in air or in nitrogen when 0—1 day old and immediately 

mated, 24 hours later they were transferred to new virgin females for 

another 2 days and in the nitrogen series they were mated a third time 
from the 7th to the 10th day after irradiation. 
































| | . ] on | | | 
| | Period of Total off-) . ; | Fractional : Hyperploid 
| insemi- spring | Yellow | yellow Total yellow aie 

Atmo-  jnation in| from X- | 

sphere /daysafter} carrying | l | 

treat- | sperma-| Abs. | per Abs. per | Abs. per | Abs. per 

| ment | tozoa | mr | 104 mr 104 | mer 104 mr 104 
| | | | 
| Air | 1 | 25194] 56 | 222 | 13 5,2 | 69 | 27,4 | 23 | 9 | 
eS | 2-3 | 29060; 43 | 146/ 5 | 1,7 | 48 | 16,5 | 15 | 5,2 | 
| Nitrogen | 1 | 42708 70 | 16,4 | 12 | Qs | 82 | 19,2 22 | 5,2 | 
|} » 2-3 | 46021 45 | 98 | 9 | 20 | 54 | 11,7] 13 | 2, | 
| » | 710] 14465 | 41 | 28,3 | 1 | o7 | 42 | 290] 15 | 10, | 


In the »nitrogen» series the males were allowed to mate a third time 
between the 7th and 10th day. Eggs were collected during the period 
of mating and also in some cases 3 days after the removal of the males. 
The F, daughters were examined, and full and fractional yellow 
mutants were recorded as well as hyperploid males, the latter appearing 
phenotypically grey instead of yellow. The results are presented in 
Table 2. It is immediately evident that in the series irradiated both in 
air and in nitrogen there are more aberrations induced in spermatozoa 
inseminated the 1st day as compared to those from the 2nd and 3rd day, 
except for fractional yellow mutations in the nitrogen series. It is 
believed that this exception is of no significance because of the low 
absolute number of this type of aberration. As both yellow mutations 
and hyperploid males are supposedly due to breaks, it is permissible to 
combine the aberrations and compare the total rate of aberrations in- 
duced in the various series. Comparing »Air 1» to »Air 2—3>», one gets 
by the angular transformation method 0,01 > P > 0,001 which is in 
agreement with CATSCH and RADU (1943) and »Nitrogen 1» to »Nitro- 
gen 2—3», P<0,001, »Air 1» to »Nitrogen 1», 0,01 > P > 0,001 and 
»Air 2—3> to »Nitrogen 2—3>, 0,03 > P > 0,02. 

There is therefore a disagreement between the results which BAKER 
and VON HALLE (1953) have found with dominant lethals, which have 
also been confirmed (Table 1), and the data on vital rearrangements 
(Table 2) obtained after irradiation in an atmosphere of nitrogen. The 
significance of this will be discussed below. 
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The data in Table 2 also permit a consideration of whether the 
normal variations in breakability of chromosomes in various stages of 
spermiogenesis irradiated in air are paralleled by similar variations 
when irradiation is carried out in nitrogen. It can be seen that in sperm 
inseminated 7—10 days after irradiation there are induced more full 
yellow mutations and hyperploid males, but fewer fractional yellows, 
‘as compared with sperm inseminated the 1st or the 2nd to the 3rd day. 
The discrepancy between the rates of full and fractional yellow mut- 
ations in this comparison may seem strange. Similar observations, how- 
ever, have been made on another type of mosaicism, namely gynandro- 
morphs (LUNING, 1952 b), which did not vary as other break-dependent 
aberrations — i.e., dominant lethals and hyperploid males — when 
induced in various stages of spermiogenesis. At that time the results 
were rather confusing since gynandromorphs were supposed to be due 
to breaks which had remained unjoined in one chromatid followed by 
the subsequent loss of this portion of the chromatid (BONNIER, LUNING 
and PERJE, 1949). In order to explain this it was stated: »This indicates 
that there is — at least in some stages — induced breaks that are not 
associated with the occurrence of gynandromorphs and gene mut- 
ations» (LUNING, 1952, p. 335). It is believed that a reconsideration of 
this problem is now possible by comparing gynandromorphs with 
fractional yellow mutants. 

In the present experiment several of the fractional yellow mutants 
have been tested. In some cases the gonads have contained the mutant 
chromosome — which in most cases has also been ac and behaved as 
recessive lethals. In others the gonads contained a non-yellow M-5-chro- 
mosome, which was neither ac nor recessive lethal. A few cases have 
been gonad mosaics. The y mutants have in most cases also been ac 
and recessive lethals while all non-y chromosomes were vital. 

In a great number of tested full yellow mutants it was found that 
most of them were also ac and recessive lethals, as SIDOROW (1936) 
showed. It made no difference whether they were produced by irradi- 
ation in air or in nitrogen. 

It may be suggested, therefore, that yellow mutations which ap- 
peared as fractionals as well as those which appeared as full mutants 
originated by similar processes, but that in fractionals the mutation 
had been confined to one chromatid only. The failure of fractional 
yellow mutations in the series »Nitrogen 7—10» can be explained if it 
is supposed that the fate of breaks induced at this stage — supposed to 
be spermatids (LUNING, 1952 a) — tend to be the same for both chro- 











302 K. G. LUNING 





matids at fertilization. This explanation would also be true for the 
failure to realize the expected increase in the rate of gynandromorphs 
mentioned above, and can consequently replace the hypothesis proposed 
previously to account for this failure (LUNING, 1952 b). 

The results in Table 2 can now be examined in so far as they 
concern the variation in the rates of full yellow mutants and hyperploid 
males in the three »nitrogen» series. Series » Nitrogen 7—10>» is signific- 
antly different from both »Nitrogen 1» and » Nitrogen 2—3». It means 
that there are induced more breaks in sperm inseminated 7—10 days 
than in the first 3 days. This is in agreement with my results (LUNING, 
1952 b) after irradition in air. 

As these variations in breakability appear after irradiation both 
in air and in nitrogen the cause of their appearance can not be due to 
differences in oxygen concentration at the various stages of spermio- 
genesis. It is, however, possible that the amplitude of the variation can 
be influenced by the oxygen concentration but the present material is 
insufficient to determine whether any significant difference exists. 


2. FEMALE IRRADIATION SERIES. 


SONNENBLICK (1940) reported that when females were irradiated 
eggs laid within 24 hours after treatment showed a higher mortality 
than was found when sperm were exposed to the same dose. KING 
(1952) showed that the productivity, taken as an inverse measure of 
dominant lethals, was lowest in the 1st day and then increased gradually, 
although not continuously, until the control value was approached 7— 
12 days after irradiation. WHITING (1940) reports in Habrobracon a 
higher sensitivity in prometaphase than in earlier stages. These data 
are in agreement with the results of SONNENBLICK and KING on 
Drosophila. 

It was of interest, therefore, to confirm KING’s inverse measure of 
dominant lethals by a direct study of this type of aberration, and to 
place the results in proper relation to those presented in the first part 
of this investigation. This was done by irradiating females both in air 
and in nitrogen. Since there are uncertainties as concerns the fertili- 
zation of the first eggs laid this study was confined to an investigation 
of eggs laid 2—4 days after irradiation. 2—4 days old »egglaying» 
females (see above) were treated and immediately mated singly to 
Canton S males in vials which were numbered. Eggs were collected 
4 consecutive days from each female. Eggs laid the 1st day were not 
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TABLE 3. F, daughters from the cross cn bw; e” QQ XCantonS 0d 

were irradiated and immediately mated to CantonS Oo. Eggs were 

collected 4 consecutive days. The hatchability was examined only if 
there had appeared larvae from eggs laid the preceding day. 














| Atmosphere a 2 3 | 4 
| Total eggs | % hatched | Total eggs | % 4 hatehed | Total eggs ss | % 4 hatched | 
| | | | | | 
| Air | 1303 | 64,7 2168 66,7 1935 | 74,5 | 
Nitrogen | 1260 | 88,5 2239 | 89,3 | 2226 | 93,4 | 





Control: Out of 4737 eggs laid, 96,16 % hatched. 


counted, but the occurrence of larvae was recorded. Eggs laid the 2nd, 
3rd and 4th day were counted if there had appeared larvae in a preced- 
ing day. There was also one control series. The results are presented in 
Table 3. 

The results were remarkable in that the rate of dominant lethals 
was lower (higher hatchability) than in the corresponding experiment 
with males given the same dose, Table 1. Part of the discrepancy can be 
accounted for by the use of M5 males in the male irradiation series, 
but without doubt there is a real difference. Even more remarkable 
-was the strong protective effect of nitrogen as compared to its rather 
low protection effect in males. 

Before discussing these data, however, it is desirable to examine 
the results of studies of vital rearrangements, yellow mutations and 
hyperploid males in Muller-5 females from the M5 M5; y sc’ Y stock. 
These females were irradiated without etherization at an age of 2—6 
days and were, again without etherizaton, put into vials (8—12 per vial) 
together with yw sn males. The females were allowed to lay eggs 6 
consecutive days divided in 3 equal periods: i. e., 1—2, 3—4 and 5—6 
days after irradiation. The results are presented in Table 4. 

There appeared only one hyperploid in the entire experiment. This 
male appeared among the first flies hatching from eggs laid 1—2 days 
after irradiation and must, as a consequence, have arisen from a mut- 
ation induced in a mature egg. 

There appeared only a few fractional yellow mutants. They are 
included in the full yellow group. 

The results are not as expected since there is induced a high rate 
of yellow mutants in the series treated in air as compared to the corres- 
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TABLE 4. Offspring from crosses M5 QQ XywsnOo. The females 
were irradiated when 2—6 days old either in air or in nitrogen and 
were immediately mated. Eggs were collected in 2 days periods during 














6 days. 

| Period of | oe Hyperploid | 
| Atmosphere egglaying in Total males 
| —— days after daughters | 

treatment | Abs. ner | per104 | Abs. ner | per 10* | 
| | | | | | 
| Air |} 1-2 13259 | 52 | 39, 1 | Os | 
| » | 3—4 11924 | 40 | 33,5 | 
> | 5-6 17566 43 | 24,5 | | 
| Nitrogen i—3 9268 —§ 10 | 10,8 | | 
|» = 20017 | «623 | ys | | 
| » 5—6 15999 | s | & | | 








ponding rates of dominant lethals. The strong protective action of ni- 
trogen was evident also as concerns vital rearrangements. These results 
will be discussed below. 


IV. DISCUSSION. 


Two different hypotheses have been proposed to explain the pro- 
tective action of anoxia during irradiation, viz. the breakage and the 
reunion hypotheses. In the introduction, where these hypotheses were 
briefly reviewed, it was stated that in the »reunion» hypothesis one 
had to distinguish between an effect on restitution (restorating the 
original order) occurring before fertilization and on rejoinability of 
broken ends (in original or new orders) at fertilization. To facilitate an 
understanding of this difference one can use LEA and CATCHESIDE’S 
nomenclature: a, the average number of breaks induced (sperm) 1000 r, 
which are available for joining at the time of fertilization; q the prob- 
ability that a break will rejoin at fertilization (either in original or 
new order). 

If now the effect of anoxia is on restitution prior to the period of 
recombination this would mean a decrease in a. The same result would 
be achieved if anoxia affected the rate of primary breaks induced (the 
breakage hypothesis). The proportion of breaks available at fertiliza- 
tion, which remain unjoined or which undergo sister chromatid union, 
will not be altered by a change in a. If the effect of anoxia is instead 
on rejoinability at the time of fertilization — i. e., on q — the propor- 
tion of unjoined breaks will be changed. An increase in q would lead 
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Scheme 1. A schematic diagram showing the possible effects of oxygen tension in 
radiation induced chromosomal aberrations. (For further explanation, see text.) 
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to a subsequent decrease in the rates of aberrations due to unjoined 
breaks and an increase in the rates of recombinations, assuming that the 
proportion of broken ends joining in the original or in new order is not 
changed. On the other hand, q can decrease and consequently the rates 
of aberrations due to unjoined breaks increase and the rates of re- 
combinations decrease. With changes of q in either direction, we have, 
therefore, reverse changes in the two classes of aberrations which are 
dependent on unjoined and rejoined broken ends. This point has not 
been discussed by SCHWARTZ (1952) in his consideration of the origin 
of the differential decreases he obtained in the two types of aberrations 
studied. 

These considerations make it clear that the »breakage» and »re- 
union» hypotheses are ambiguous, since it is shown that a change in a 
can occur in two ways (actually three, as shall be pointed out later), 
and that a change in q only reflects a change in rejoinability at the 
time of recombination and excludes earlier recovery processes. In order 
to get a clearer picture of the levels at which anoxia can exert its effect, 
these are presented diagrammatically in Scheme 1; it has been worked 
out in cooperation with Dr. C. P. SWANSON. We have compared results 
of radiation experiments from Tradescantia and Drosophila from a 
theoretical point of view in order to construct a diagram which, with 
minor variations, may be adapted to various experimental organisms. 

The results of STONE, Wyss and HAAs (1947) on the irradition of 
broth prior to incubation indicated that there are produced mutagenic 
substances which can, at a later time, affect the mutation rates of 
bacteria. This is consequently an indirect effect of irradiation. Besides 
this we cannot exclude a direct energy transfer by irradiation which 
would, by definition, be independent of oxygen concentration, while 
indirect energy transfer could possibly be affected by anoxia. (Phase I.) 

Between the taking up of energy by the chromosome molecule and 
the realization of an actual break there might occur different processes 
which could be influenced in different degrees by anoxia, leading to 
repair. From the results of Tradescantia, SWANSON (in press) proposes 
different degrees of damages based on the results with radiations of 
different ion densities. (Phase II.) 

If there is a time interval between production of primary breaks 
and their utilization in recombinations — as in Drosophila — anoxia 
might influence the process of recovery—restitution, leading to a de- 
crease in the number of actual breaks available for recombination. 


(Phase III.) 
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The fourth possibility is an effect on the rejoinability of the ends 
of actual breaks. (Phase IV.) 

A change in a can occur if the effect of anoxia is in any of the 
phases I, II and III. The possibility of distinguishing between an effect 
in I and II versus II will be discussed below. A change in q indicates 
that anoxia acts in phase IV. 

By comparing the proportion of breaks which remain unjoined 
after irradiation in presence of oxygen and in anoxia it would be poss- 
ible to decide if a or q is changed. In Drosophila there is no class of 
aberrations which consists solely of unjoined breaks or of sister chro- 
matid union of broken ends. They form, however, the major part of 
dominant lethals, which moreover also includes asymmetrical inter- 
changes, e.g. dicentrics and internal deficiencies. Since it may be pre- 
sumed that lethal interchanges and vital interchanges occur by the 
same processes one can get a measure of the proportion of dominant 
lethals due to asymmetrical interchanges by studying the rates of vital 
rearrangements in relation to the rates of dominant lethals (LUNING, 
1952 b). 

BAKER and VON HALLE (1953) showed that after irradiation in air 
there were more dominant lethals induced in the first sperm batch as 
compared to the second. This was in agreement with my results 
(LUNING, 1952 a) and is also confirmed by the data in Table 1. The rates 
- of minute and gross rearrangements induced in the corresponding sperm 
batches are included in Table 2. 

Parallel with the decrease in the rates of dominant lethals there is 
a decrease in the rates of vital rearrangements. This is in agreement 
with other variations in a later period after insemination (LUNING, 
1952 b). This decrease also indicates that this variation in the rates of 
aberrations is due to a change of a rather than in q. 

In the case of irradiation in nitrogen BAKER and VON HALLE 
obtained the same rates of dominant lethals in the first and the second 
batch, with both somewhat lower than the rates in the second batch 
treated in air. This likewise is confirmed by the data in Table 1. The 
corresponding rates of vital rearrangements in the first and the second 
batch (Table 2) are significantly different. To get informations about 
the values of a and q we have to compare the results of irradiation in 
air and in nitrogen in each sperm batch, since there is a difference 
between the two batches after treatment in air. 

In the first batch the rates of dominant lethals and vital re- 
arrangements are reduced to about the same degree, indicating that 
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there is a change in a rather than in q. In the second batch the rates of 
dominant lethals are reduced to a much less degree than are the rates 
of vital rearrangements. This means that the proportion of dominant 
lethals due to asymmetrical interchanges is lower after treatment in 
nitrogen than in air, and consequently the proportion of breaks which 
remain unjoined is higher in the nitrogen series than in the air series. 
If the decrease in the rates of vital rearrangements had been due solely 
to a change in q, with a, remaining unchanged, the rate of dominant 
lethals would in fact have been higher in the nitrogen series than in the 
air series, which is not the case. For that reason we must also suggest a 
decrease in @ as was suggested in the first sperm batch. More data 
would be needed to determine whether the proportional decrease in a 
is the same in both batches. 

Summing up the results, it seems reasonably certain that the effect 
of anoxia on the production of aberrations in Drosophila sperm is in 
phases I, II or III and in one case (the second sperm batch) also in 
phase IV. It was pointed out above that the results of SCHWARTZ (1952) 
on maize are not consistent with the hypothesis that the effect of anoxia 
is solely on the rejoinability of broken ends—phase IV. If there is a 
change in both the number of breaks (a) and the rejoinability of broken 
ends (q) the results are explicable. Hence, in maize there could be an 
effect of anoxia in any one of phases I, II or III as well as in phase IV, 
as in the second sperm batch in Drosophila, but in maize q was in- 
creased while in Drosophila q was decreased in value. 

BAKER and VON HALLE interpreted their results as indicating that 
anoxia acted upon recovery of breaks (see introduction) — correspond- 
ing to our phase III. They based this conclusion on the supposition that 
the discrepancy between the two batches irradiated in air was due to a 
recovery process, too. This hypothesis was, in turn, based on the opinion 
that the males stored their sperm when not mated. This has been shown 
to be incorrect (LUNING, 1952 a). When males are not allowed to mate 
the sperm are resorbed and/or ejaculated without copulation. For that 
reason, BAKER and VON HALLE’s arguments in favour of the recovery 
process lost their cogency. Further, it has been shown (LUNING, 1952 b) 
that different rates of breaks are induced in various stages of spermio- 
genesis, and that a greater frequency of breaks can be induced in sperm 
present in inseminated females than in males (LUNING, 1954). Hence, 
it seems more plausible that the difference between the two sperm bat- 
ches, after treatment in air, is due to difference in the rate of primary 
breaks rather than to differential recovery processes. By using closed-X 
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chromosomes it would perhaps be possible to decide between these two 
alternative explanations and to determine whether anoxia acts in 
phases I and II versus in III. 

Recently, FABERGE (1952) and GLAss (1952) have reported that the 
rates of chromosome breaks induced in eggs appear to be the same as 
those induced in sperm with the same dose. FABERGE based his studies 
on the loss of closed-X chromosomes while GLASS studied the occurrence 
of Minute mutations. In the latter experiment there was induced 1,4 
times as many Minutes in eggs as in spermatozoa. This difference, how- 
ever, was not significant because of inadequate numbers of individuals. 

In the present experiment yellow mutations induced in Muller-5 
chromosomes were used as a test of the occurrence of minute re- 
arrangements, and hyperploid males for gross rearrangements. In 
agreement with the statement of GLASs (1940, 1950) there was a low 
rate of gross rearrangements — a single hyperploid male was found. 

On the other hand the rates of yellow mutations were high. They 
were, however, not constant, but decreased with increasing time from 
irradiation to egglaying. Expressed in terms of a percentage of the rate 
in the Ist and 2nd day egglaying, there was 85 % in the 3rd and 4th 
day and 63 % in the 5th and 6th day. 

If a comparison is made between the rate of yellow mutations 
induced in females and that induced in males with the same dose, one 
‘must consequently take into consideration the variations in the female 
series which depend on the length of the egglaying period. Further- 
more, one must also consider the variations in the male series which 
depend on the differential sensitivity of the various stages in spermio- 
genesis, as well as the age of the males at the time of treatment (LUNING, 
1952 b and c). The least sensitive stage in males is that sperm batch 
which will be used for insemination 2 or 3 days after irradiation when 
0—1 day old males are used (LUNING, 1952 a). The rate of yellow mut- 
ations under these circumstances is given in Table 2. 

By comparing the rates in the female series at various times during 
the egglaying period (designed F 1—2, F 1—4 and F 1—6, where the 
figures denote the days of egg collection after irradiation) with the 
corresponding rates in the male series (M 2—3) significantly different 
variations are found in all cases, 0,001 >P. The ratios are F 1—2/y 5 3 = 
=2,38, F 1—4/y, 5 3 =2,21 and F 1—6/y 9 3 =1,92. As the rate in M 2—-3 
is the minimum rate, comparisons with rates received from males under 
other circumstances would give lower ratios than those given above. 
From this comparison we may conclude that there are induced about 
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twice as many yellow mutations in females as in males under the de- 
fined circumstances. In males it has been shown that the variations in 
the rates of yellow mutations agreed with the variations in the rates of 
breaks. A difference between the rates of yellow mutations in females 
and males need not indicate a difference in the rates of breaks, unless 
the proportion of other chromosome aberrations are the same in fe- 
males and males. This is not the case with gross rearrangements, which 
are very rare in females, or with dominant lethals which also appear 
in a lower frequency in females than in males. Hence, the higher rate 
of yellow mutations in females than in males can not be taken as a 
measure of the breakability of the chromosomes in the two sexes. As 
the ratio between minute and gross rearrangements is much higher in 
females than in males, there is in females a preferential joining of 
broken ends from adjacent breaks, which, in relation to the rates of 
breaks, gives a higher ratio of minute rearrangements in females than 
in males. 

From this we can conclude that the rate of breaks induced in 
females is lower than twice the rate of breaks induced in the 2nd and 
3rd day sperm batch from males irradiated when 0—1 day old. 

Prior to this the discussion has been confined to a comparison 
between irradiation of females and males in air. The effect of anoxia 
during irradiation of females was also studied (Tables 3 and 4). If one 
compares the results after irradiation in anoxia with those in air, it 
can be seen that there is a strong effect of anoxia (much stronger than 
in males), and that it affects both dominant lethals and yellow mut- 
ations to about the same degree. 

If one assumes that dominant lethals induced in females are largely 
due to unjoined broken ends, it means that anoxia affects the number 
of breaks available for recombinations (phases I, II or III in Scheme 1), 
and probably not the rejoinability of broken ends (phase IV). 
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SUMMARY. 


(1) The present paper deals with an analysis of the effect of oxy- 
gen concentration on the rate of chromosome aberrations induced either 
in Drosophila sperm inseminated the 1st day as compared to the 2nd 
and 3rd day after irradiation of newly hatched males, or in oocytes. 

(2) It was shown that there are induced more vital minute and 
gross rearrangements in sperm ready the 1st day as compared to those 
from the 2nd and 3rd day after irradiation in air or in nitrogen, and 
that in each sperm batch there are more aberrations after treatment 
in air than in nitrogen. 

(3) The dominant lethals showed the same variation, but the sec- 
ond sperm batch treated in nitrogen did not show any decrease as com- 
pared to the first sperm batch. 

(4) In the nitrogen series the rate of aberrations was also studied 
in sperm inseminated 7—10 days after irradiation. The rate was signi- 
ficantly higher than in those from the 1st and the 2nd and 3rd day 
spermatozoa. 

(5) It is concluded that the variations in the breakability in various 
stages of spermiogenesis can not depend on variations in the oxygen 
concentration. 

(6) In oocytes irradiated in air there are induced less dominant 
_lethals and more minute rearrangements than in spermatozoa. 

(7) The effect of anoxia is much greater in females than in males. 

(8) The effect of the oxygen concentration during irradiation is 
discussed and a scheme of levels of possible effect is presented. 
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bie cytological picture presented by a far-advanced case of human 
cancer is most confusing. Widely different and in part contra- 
dictory phenomena take place side by side in neighbouring cells, and at 
first sight it seems impossible that any cytological regularities could 
prevail in such a chaos. From a study of a whole series of cases, from 
normal tissue to highly malignant tumours, certain principles, however, 
emerge. 

In recent years remarkably interesting results have been obtained 
on the cytology of the ascites tumours in the mouse and the rat (MAKINO 
and KANO, 1951; MAKINO and YosipDA, 1951; MAKINO, 1952a, b; Bay- 
REUTHER, 1952; LEVAN and HAUSCHKA, 1952, 1953a, b; LEVAN, 1954). 
It seems, however, too early to attempt any elaborate co-ordination of 
these observations and the findings in human tumours. Such a com- 
parison remains an interesting task for the future, when more is known 
about both these kinds of tumours. 

The present paper contains a short survey of our earlier findings 
concerning the mitotic mechanism in human cancer cells and the essence 
of our new observations together with the theory put forward to explain 
them. 


I. THE TIMING OF THE MITOTIC PHENOMENA IN 
HUMAN CANCER CELLS. 


Mitosis and its various modifications have been analysed by OKSALA 
(1944, 1953) in terms of the timing relationships of the various ele- 
mentary phenomena involved. A different timing of the same elementary 
processes brings about widely differing results, normal mitosis grading 
into endomitosis on the one hand and into meiotic phenomena on the 
other. 

It may be recalled in this connection that DARLINGTON (1948) from 
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purely theoretical considerations, has forecast that timing disturbances 
between the various cellular processes might be of importance in cancer. 
He says (p. 124): »In cancer I am supposing a cytoplasmic change which 
favours a high growth rate. In these circumstances both the nucleus and 
certain cytoplasmic constituents might well be unable to stand the 
pace. » 

During our first study on human cancer (TIMONEN and THERMAN, 
1950) it became evident that one of the most constant features of 
malignant cells consisted of a change in the ratio of metaphases to 
prophases. In the normal uterine epithelium this ratio is very constant 
and normally less than 1,5. In all cases of cancer it is increased, being, 
as a rule, greater than 1,5, and in many cases reaching very high values. 
This fact naturally indicates a corresponding change in the relative 
duration of the mitotic phases. The phenomenon was interpreted by us 
in terms of the precocity theory as formulated by OKSALA (1944). The 
spindle mechanism is accelerated as compared with the chromosomal 
mechanism, as is reflected by the shortening of the prophase. Many of 
the other cytological irregularities found are obviously later results of 
this primary change. 

The idea that the multipolar divisions so frequently encountered in 
neoplastic tissues are due to the same cause was next presented by us 
(THERMAN and TIMONEN, 1950). Our conclusion may be summarized in 
the words (p. 401): »The origin of the multipolar divisions may also be 
traced back to the precocity of the extrachromosomal changes, which 
leads to a situation where one or both of the centrosomes divide twice 
while the chromosomes divide once.» The three facts on which this con- 
clusion was based are the following: Multipolarity is by no means al- 
ways connected with polyploidy. The first multipolar divisions to occur 
are tripolar divisions, and in addition other spindles with an uneven 
number of poles are also found. If multipolar divisions were to arise 
through the formation of restitution nuclei, quadripolar divisions ought 
to predominate. In regard to higher multipolar divisions, at that time we 
left the question open whether these might not result from restitution 
(p. 401): »In this way the number of centrosomes would be alternately 
doubled through failure of anaphase and through their precocious 
division, the result being the high multipolar divisions observed. » 

TIMONEN (1950) carried these studies further by analysing in detail 
a more extensive series: 10 cases of normal endometrium, and 30 cases 
of cancer of the female genital tract. He reached the conclusion that 
the only features present in cancer but absent in the normal tissues of 
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his material were the change in the relative duration of prophase and 
metaphase, and the occurrence of multipolar divisions. The ratio meta- 
phases/prophases was termed by him the Prophase Index. It was estab- 
lished that the appearance of multipolar divisions was correlated with 
higher values of the index. 


Il. THE RATIO OF METAPHASES TO PROPHASES AND 
THE OCCURRENCE OF MULTIPOLAR DIVISIONS. 


1. OBSERVATIONS. 


In the present study attention has especially been paid to the two 
phenomena which, according to our observations, seem to be most 
characteristic of human cancer cells, i.e. the change in the relative 
duration of prophase and metaphase, and the occurrence of multipolar 
divisions. The total number of cases examined cytologically by us is 
some one thousand. The Prophase Index (numerical ratio metaphases/ 
prophases) has been determined in one hundred cases of non-malignant 
tissue and in the same number of cases of cancer. The cases presented 
in Figs. 2 and 3 thus represent a sample of the total material studied. 
The specimens of non-malignant cases omitted in Fig. 2 represent du- 
plications of cases illustrated. The cases of cancer which are omitted all 
belong to the group with a low index. The shape of the graph is thus 
not changed by the leaving out of a part of the material. 

From the diagnostic point of view the observations will be dealt 
with by TIMONEN (1954). In this connection it need only be mentioned 
that the increase of the Prophase Index above 1,5 is, as a rule, a fairly 
reliable indication of malignancy. The same is true of the occurrence of 
multipolar divisions. The index is further, at least roughly, positively 
correlated with the malignancy of the tumour, as estimated according 
to histological criteria. 





Fig. 1. Diagram of a bipolar (A), tripolar (B), quadripolar (C), and hexapolar (D) 
metaphase. 
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Fig. 2. Correlation of the ratio metaphases/prophases, log (10 PI), and the frequency 
of tripolar divisions. Each count is made from a random sample of 100 cells in 
prophase, metaphase, and anaphase. 


In Fig. 1 a series of metaphases with different numbers of poles is 
illustrated diagrammatically. The cytological rules for the formation 
and structure of multipolar divisions have been set out in THERMAN and 
TIMONEN (1950). In regard to Fig. 1 it should be remembered that 
divisions higher than tripolar are impossible to represent adequately in 
a two-dimensional drawing. The other two configurations must be taken 
as projections of three-dimensional structures in a plane. The con- 
figurations with more than six poles are in different ways combinations 
of the basic structures illustrated in Fig. 1. In the following, attention 
has been paid to multipolar metaphases, the multipolar anaphases being 
disregarded. This is due to the fact that a number of multipolar meta- 
phases disintegrate or form restitution nuclei directly from metaphase. 
Fig. 2 shows the results of the analysis concerning the relationship 
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Fig. 3. Frequencies of different multipolar divisions in six cases of carcinoma as 
counted from a total of 200 metaphases in each case. 


between the Prophase Index and the occurrence of tripolar divisions. 
The graph contains 20 cases of non-cancerous tissue and 48 cases of 
cancer of the female genital tract. The Prophase Index, i. e. the ratio of 
metaphases to prophases, has been obtained by determining the fre- 
quencies of prophases, metaphases and anaphases from a random sample 
of 100 dividing cells in each case. Though the index is the ratio of meta- 
phases to prophases, anaphases were included in the count to see 
whether their frequency also varies. Since the frequency of anaphases 
seems to be fairly constant, they can obviously be left out in future 
counts. In the same sample of 100 cells the percentage of tripolar meta- 
phases has been determined. In Fig. 2 the number of tripolar metaphases 
has been plotted against the logarithm of the Prophase Index. A clear 
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positive correlation is seen to exist between the Prophase Index and the 
occurrence and frequency of the tripolar divisions. The first tripolar 
divisions appear when the index reaches the value 4—6, and their per- 
centage rises steadily reaching its highest value with the highest index 
found, i.e. 23. 

In Fig. 3 the results of another count are presented. In 6 cases of 
cancer the frequencies of metaphases with different numbers of poles 
have been counted from 200 cells in each case. The frequencies of the 
different multipolar metaphases are shown in Fig. 3, while the bipolar 
divisions have been omitted. The relative number of metaphases with 
more poles diminishes with the increase in the number of poles. If we 
take as an example the case in which PI is 23, the number of metaphases 
with 4 poles is about one half of the number of metaphases with 3 
poles; the number of metaphases with 5 poles is about one half of the 
number of metaphases with 4 poles, and so on. Thus, as multipolarity 
increases the number of metaphases decreases approximately by a factor 
of two. 

The six cases represented in Fig. 3 were chosen as being the ones 
in our material which contained enough multipolar divisions to warrant 
a count. The counts are made from sectioned preparations except in the 
case PI=18 (at the right) which was made into squash preparations. 
Naturally a number of divisions are cut by the microtome, but since a 
damaged division is fairly easy to distinguish, this source of error seems 
to be negligible. Other difficulties are, however, involved in such a 
count. In configurations with a high number of poles it is often im- 
possible to determine the number of poles exactly. In addition the con- 
figurations with a high number of poles are so rare that the figure ob- 
tained for them is inevitably subject to a great error statistically. The 
third factor which defies cytological analysis in cancer is necrosis, since 
the metabolic products of necrotic processes naturally influence the 
cytological picture of malignant cells. 

Keeping these difficulties in mind the facts in Fig. 3 may, however, 
be summarized by stating that the frequencies of the different meta- 
phases form a geometrical series: 


where a is the frequency of tripolar divisions and k is a constant, the 


value of which in most cases is near 2. 
MAKINO and KANO (1951) have determined the percentages of differ- 
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ent kinds of multipolar divisions in the Yoshida sarcoma of rats, and 
found: 73 per cent of tripolar divisions, 22 per cent of quadripolar 
divisions, and 5 per cent of pentapolar divisions. These frequencies, too, 
form a geometrical series, although in this case k has a considerably . 
higher value than 2. 
It must be stressed that the Prophase Index naturally has signific- 
ance only when normal and the malignant tissues of the same origin 
are compared. Thus a comparison of the index in, say, mouse and 
human tissues is obviously of litthe value. FARDON and PRINCE (1952) 
have obtained results which deviate from ours in that they claim that 
the metaphase to prophase ratios in neoplastic tissues show less vari- 
ation than in normal tissues. This result may depend on several facts. 
Firstly, they have not compared normal and malignant tissues of the 
same origin. Possibly also their criteria for the determination of the 
mitotic stages differ from ours. The last point is made probable by their 
statement that an increase in the PI is found in necrotic tissues, which 
probably means that they have included cells showing a »colchicine- 
effect» in the metaphases, which we have not. Another possibility is 
that wandering leucocytes have been included in the metaphase count. 
For there is one type of these cells which seems, curiously enough, to be 
in a permanent metaphase or anaphase stage. 
It is well-known that the percentage of dividing cells varies greatly 
‘ in different regions of a tumour. Systematic determinations of the PI in 
different parts of one tumour are called for to determine whether or not 
its value varies with a varying mitotic index. 

































2. DISCUSSION. 





The data presented in Figs. 2 and 3 show that the various cytolog- 
ical phenomena in human cancer cells are interrelated. The rules 
governing them are also partly revealed. Our observations indicate that 
the most constant feature in cancer is the change in the relative duration 
of prophase and metaphase. The technique used does not, however, 
reveal whether the actual change is a shortening of the prophase or a 
prolongation of the metaphase, or possibly both. The ultimate decision 
between these alternatives could naturally be made only by examining 
mitosis in living cells. Such observations have, indeed, been made in 
tissue cultures (LEWIS and LEwIs, 1932; LEwis, 1940, 1951; MOLLEN- 
DORFF, 1941). It must, however, be pointed out that observations made 
on cells in tissue culture are not, as such, applicable to cells in living 
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organisms. In addition, the determination of the exact length of the 
mitotic phases in living cells is very difficult, and it is impossible to 
determine exactly the beginning of prophase. 

In view of this it seems that no definite evidence can be gained 
from in vitro observations for either of the alternatives, i. e. the shorten- 
ing of prophase or the prolongation of metaphase. In many papers con- 
cerned with tissue cultures it is stated that the duration of the different 
mitotic phases in malignant cells is about the same as in normal cells 
(MOLLENDORFF, 1941). In other papers a significant retardation of the 
metaphase is claimed to occur (LEWIS, 1951). 

The theory, however, which tends to explain the cytological phen- 
omena in cancer cells as resulting from the precocity of the spindle 
mechanism, does not postulate any absolute values for the duration of 
the different processes. The point at issue is, as OKSALA (1944, p. 7) has 
stressed in regard to meiotic precocity, the change in the relationship of 
the chromosomal and spindle mechanisms in the same cell, which 
naturally can be brought about either by an acceleration of the spindle 
or by a retardation of the chromosomes. 

Other disturbances in the timing of the different processes may 
also, at some point, give rise to multipolarity. Thus, in the cornea of 
Triturus viridescens which was recovering after colchicine treatment, 
PETERS (1946) found multipolar divisions which, according to him, are 
to be attributed to a delay in the chromosomal cycle caused by colchi- 
cine, while the centrosomes continue to divide. 

The precocity theory is most conclusively borne out by the fact that 
the appearance of the first tripolar divisions depends on the Prophase 
Index reaching a certain value, which lies between 4—6. The second 
proof lies in the fact that the percentage of tripolar divisions is positively 
correlated with the Prophase Index, rising with the latter. 

OKSALA (1944, 1953) represents the extrachromosomal mechanism 
as causing the polarization of the cell. In the dragonflies studied by 
him, the polarized stage in the cell becomes gradually more and more 
precocious during the last premeiotic divisions when compared with 
the chromosomal cycle. When the precocity, as measured by a Pre- 
cocity Index, reaches a certain degree, meiosis takes place. This level 
can be achieved either after the 11th or the 12th premeiotic mitosis. 

In cancer cells, in which the cytophysiological situation naturally 
differs radically from that of the spermatogonial cells, the event which 
takes place when the precocity reaches a definite degree is not meiosis 
but the first tripolar division. In other words, the extrachromosomal 
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processes are so far advanced that one centrosome divides twice while 
chromosome reproduction takes place but once. 

As mentioned above, the frequency of tripolar divisions rises 
steadily with an increasing Prophase Index. This means that the higher 
the precocity the greater is the probability of any particular cell be- 
coming tripolar. In other words, every centrosome has an equal, definite 
probability of dividing twice, while the chromosomes reproduce but 
once, which probability in turn depends on the precocity of the extra- 
chromosomal changes in the cell. Since originally all divisions in a 
tumour are bipolar, the probability of both the centrosomes in the same 
cell dividing twice is very small. This explains the fact that at first only 
tripolar and not quadripolar divisions make their appearance. 

Only when a certain percentage of the divisions has become tri- 
polar does a situation obtain when the simultaneous division of both 
the centrosomes in one cell comes within the limits of probability. When 
the centrosomes divide independently of each other, the occurrence 
of the first quadripolar division depends on the number of tripolar 
divisions present and the prevailing precocity. In the same way the 
frequency of quadripolar divisions must reach a certain value before 
a new precocious division »hits» one centrosome in such a cell. This 
naturally gives rise to the first pentapolar division. The higher mu!ti- 
polar divisions arise similarly stepwise from lower ones. 

Bipolar divisions thus constitute the predecessors of the tripolar 
divisions, tripolar divisions of quadripolar divisions, and so on. And the 
motive force which gives rise to this process is the precocity of the 
extrachromosomal changes. That this line of thought is warranted is 
proved by the relative frequencies of the divisions with different num- 
bers of poles, which form a geometrical series. There is no necessity to 
presume restitution as a significant source of multipolar divisions. The 
precocity of the spindle mechanism, which causes the centrosomes to 
divide in advance, seems to be a sufficient explanation for their origin. 
If restitution played an important réle in the origin of multipolar 
divisions, cells with an even number of poles ought to predominate; this, 
however, is not the case. We have thus come more and more to regard 
all types of restitution as secondary phenomena which admittedly 
occur in malignant cells but which are not of primary importance in 
their cytology. In addition restitution, either from metaphase or ana- 
phase, is not infrequently an indication of the non-viability of the cell, 
representing the first stages in its disintegration. 

In the present paper attention has mainly been paid to the two 
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phenomena, the change in the relative duration of the mitotic phases 
and the occurrence of multipolar divisions, as being the most constant 
cytological phenomena in the human cancer tissues studied by us. Most 
of the other mitotic aberrations: laggards, stickiness of the chromosomes, 
so-called colchicine-effect, and others, which have repeatedly been 
described in human cancer (see, e. g., KOLLER, 1943, 1947 a, b; TIMONEN 
and THERMAN, 1950; TIMONEN, 1950) vary much more in their oc- 
currence. They are probably due, at least in part, to secondary factors, 
such as the growth pattern of the tumour, which in itself affects its 
metabolism, and to necrosis, and infection. MAKINO and KANO (1951) 
have found that these types of irregularities increase as a rat ascites 
tumour grows older, and its metabolism accordingly is more aberrant. 
It must also be remembered that most mitotic disturbances in their turn 
give rise to others. 

Observations on the change in the duration of the mitotic phases 
have been made earlier by KOLLER (1947 b) who counted the frequency 
of the mitotic stages in one case of squamous cell cancer and one case 
of cervical cancer in man and compared the values with a count on 
spermatogonial cells in man and on ganglial cells in the grasshopper 
Chortophaga. He found that in the two cases of cancer the metaphase 
was greatly lengthened relative to the prophase when compared with 
the two kinds of normal cells. He interpreted this as showing that the 
nucleic acid synthesis in cancer cells must occur very rapidly during the 
shortened prophase. Without entering into the whole question of nucleic 
acid metabolism, concerning which purely cytological observations give 
very little information, it must be pointed out that nucleic acid syn- 
thesis, or »chromosome synthesis», as KOLLER calls it, has by no means 
been demonstrated to occur during prophase, which in any case would 
be highly improbable. 


For financial aid we are greatly indebted to President J. K. Paasikivi’s 
Fund for Cancer Research and to Sigrid Juselius’ Stiftelse. 


SUMMARY. 


We have earlier suggested that the primary cytological change in 
human cancer cells is a change in the relative timing of the chromo- 
somal and extrachromosomal processes. This change consists of an 
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acceleration of the spindle mechanism relative to the chromosomes, the 
spindle thus attaining a precocity in its cycle. 

This theory was based mainly on two phenomena characteristic of 
cancer: The change in the relative duration of prophase and metaphase, 
and the occurrence of multipolar divisions. 

The present observations furnish strong support for this precocity 
theory of cancer, and show that the various cytological phenomena are 
closely interrelated. The first appearance, as well as the frequency, of 
the tripolar divisions are clearly correlated with the ratio metaphases/ 
prophases (Prophase Index), the value of which again seems to reflect 
the malignancy of the case. The frequencies of the different multipolar 
divisions stand in a geometrical series, i.e. as multipolarity increases 
the number of divisions decreases by a definite factor. 

These facts are interpreted by us as follows: The precocity first 
gives rise to a change in the relative duration of the mitotic phases. 
Gradually a situation obtains when one centrosome in a cell divides 
twice while the chromosomes reproduce but once, i.e. the first tripolar 
division makes its appearance. Similarly, the first quadripolar division 
arises when the precocity and the frequency of tripolar divisions have 
reached the necessary level. In this manner the multipolarity becomes 
stepwise higher and higher, the lower stages furnishing the predecessors 
of the next higher level of division. 
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INTRODUCTION. 


pestle it was suggested by several authors that the family 
Cyperaceae has chromosomes with a »diffuse» centromere. Such 
chromosomes show centromere activity along their whole length, daugh- 
ter chromosomes separating parallel to one another during anaphase. 
SCHRADER (1935) first pointed out the occurrence of this peculiar ana- 
phase movement and used the term diffuse centromere. Some authors 
have spoken of »chromosomes lacking a localized centromere». Certain 
orders of insects (Hemiptera), Scorpions and Mites have such chromo- 
somes (literature in LIMA-DE-FARIA, 1949). Insects having chromosomes 
with a diffuse centromere generally show so-called post-reduction in 
meiosis. The bivalents are not co-orientated at first metaphase and, thus, 
first anaphase is equational. Second anaphase is reductional. However, 
post-reduction may occur only in one sex or only in some of the bivalents 
(HELENIUS, 1952; SUOMALAINEN, 1953). Thus, chromosomes with a 
diffuse centromere may show pre-reduction. 

Among Thallophytes the class Conjugatae seems to possess chromo- 
somes with a diffuse centromere (Spirogyra, GEITLER, 1930; Desmids, 
KING, 1953). Important was the discovery that the angiospermous genus 
Luzula has this kind of chromosomes. The Portuguese cytologists 
CAMARA, DE CASTRO, MALHEIROS, and GARDE (1947—1951) discovered 
and studied them in L. purpurea, a species with few (2n=6), relatively 
large chromosomes. This species was also studied by OSTERGREN (1949). 
The chromosomes are thick and show no constrictions. The Portuguese 
authors often stress the fluid nature of the matrix of the chromosomes, 
making them more sticky than ordinary chromosomes. At metaphase 
the chromosomes lie flat with their whole length in the equatorial plate, 
at anaphase daughter chromosomes move apart parallel to each other. 
During the anaphase movement the two ends of a daughter chromo- 
some are bent towards the pole, whence it seems concave. 
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The course of meiosis in L. purpurea was shown to be similar to 


that in most animals having chromosomes with a diffuse centromere. 
The first division was equational, the second reductional (MALHEIROS, 
DE CASTRO, CAMARA, 1947). This was later confirmed by LA Cour (1953). 

Very striking is the behaviour after x-raying of chromosomes with a 
diffuse centromere. HUGHES-SCHRADER and Ris (1942) x-rayed a Coc- 
cid. As usual the irradiation caused breakage and thus increased the 
number of chromosomes, but the fragments behaved as ordinary chro- 
mosomes undergoing normal mitosis, proving that they were not acen- 
tric. This was the experimentum crucis which proved the existence of a 
diffuse centromere. DE CASTRO, CAMARA and MALHEIROS (1949) showed 
that plants from x-rayed seeds of Luzula purpurea had fragments 
which divided at anaphase like ordinary chromosomes. Only very small 
fragments, so-called »minutes», were lost; they were interpreted as 
small parts of chromosome matrix. LA Cour (/.c.), who irradiated in- 
florescences of L. purpurea, confirmed the observations of DE CASTRO 
et al. Lost minutes, however, were interpreted by him as acentric frag- 
ments. LA Cour considers the chromosomes of L. purpurea to be poly- 
centric rather than diffuse-centromeric; two breakages between neigh- 
bouring centromeres would then produce an acentric fragment. 

Most Luzula species have rather small chromosomes but no doubt 
a diffuse centromere characterizes the whole genus (see also NORDEN- 
SKIOLD, 1951; MICHALSKA, 1953) and probably the whole family Junca- 
ceae. Only chromosomes which are not too small can be studied 
sufficiently in detail to allow an analysis of the centromere conditions; 
this is probably the reason why we have no knowledge of diffuse centro- 
meres in Juncus. 

It seemed that Eleocharis palustris subsp. vulgaris ought to be a 
suitable representative of the famliy Cyperaceae in an attempt to elu- 
cidate the centromere conditions in this family. I have investigated this 
form earlier (HAKANSSON, 1928, 1929). The chromosome number is n= 19. 
The chromosomes show distinct size differences, and may be divided 
into three classes, large (L), medium (M) and small (S), there being 3 L, 
5 M and 11 S. The size differences are most distinct in pollen mitosis, 
and in reality there were still more size classes, L, M as well as S chro- 
mosomes having different sizes. New observations have now been made 
on root mitosis and pollen mitosis, and meiosis has for the first time 
been studied in this subspecies. Meiosis and pollen mitosis have also 
been studied in spikelets which were x-rayed one minute with 500 r, 
750 r or 1000 r, respectively, and fixed after 48 or 72 hours. 
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MITOSIS IN ROOTS. 


In an earlier publication it was stressed that the chromosomes are 
closely packed in the plates and difficult to study. New observations on 
longitudinal sections show that the appearance and behaviour of the 
chromosomes at metaphase and anaphase are similar to those described 
from Luzula mitosis. The large chromosomes were rather favourable to 
study. The chromosomes are rather thick and show no constrictions. At 
pro-metaphase they are often bent (Fig. 1), at metaphase they lie flat in 
the plate. At early anaphase daughter chromosomes separate parallel 
to each other, the two ends being bent towards the pole (Fig. 2). At 
late anaphase the chromosomes are more strongly bent. The spindle is, 
as in Luzula, very broad and truncate. However, in Eleocharis the ends 
of anaphase chromosomes are sometimes not bent: the concavity of 
the chromosomes is less pronounced or may not appear at all. This may 
depend on variations in the form of the spindle. 

At prophase the chromosomes showed differentiation. An earlier 
stage showed coiled chromosomes. Several satellites were observed in 
the prophase nucleus. The chromosomes often had one or several seg- 
ments that were unstained or only slightly stained. Smaller chromosomes 
sometimes had strongly stained end-segments, whereas the middle part 
of the chromosome was more weakly stained. Other chromosomes may 

show two such slightly stained segments. The large number of chro- 
" mosomes make a close study difficult. 

As was previously described, E. palustris plants with n=19 have, 
on an average, more nucleoli than plants with n=8. After nucleolar 
stainings 1—6 nucleoli were observed in the present material. It seems 
that a nucleolus is formed from four or sometimes from six (five) 
chromosomes. Nucleoli may later unite. 


FIRST POLLEN MITOSIS. 


In Cyperaceae the four tetrad nuclei after meiosis gradually take 
an excentric position near the inner end of the pollen mother cell. They 
locate themselves tetrahedrically with one nucleus directed outwards. 
The latter increases in size while the inner nuclei remain small. Wall 
formation is strongly delayed in the tetrad. First at the time of pollen 
mitosis the small nuclei are included in separate cells, but the separating 
membranes may be evanescent. Mitosis begins simultaneously in all 
four nuclei, but only the large nucleus undergoes anaphase. In the small 
nuclei chromosomes have a subnormal size. The membrane of a small 
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nucleus may disappear and a normal or irregular metaphase plate be 
formed, then telophase sets in and a new nucleus with a very dense 
structure is formed. Once or twice an irregular anaphase was observed 
in a small cell (Fig. 7). The irregularity was perhaps due to the fact that 
lack of space had prevented the forming of a normal spindle. The 
generative cell is formed near the small tetrad nuclei, the spindle being 
longitudinal. In Cyperaceae its formation shows certain peculiarities 
which have been described several times. Judging from a photomicro- 
graph published by OsTERGREN (I. c., Fig. 19) this process is similar in 
Luzula and in Eleocharis. In the latter genus, however, the pollen 
nucleus is large and favourable to a study of the chromosomes. 

Early prophase shows split chromosomes which often are bent; 
sometimes the ends of a chromosome meet to form a ring. A few times 
two satellites were observed (Fig. 3). At late prophase chromosomes 
were heavily charged with nucleic acid, splits and satellites were in- 
visible. At metaphase the chromosomes are thick and usually straight. 
They lie flat in the plate and a parallel separation of daughter chro- 
mosomes could be observed at early anaphase (Figs. 4 and 5). Polar 
views often show the anaphase plates as replicas of the metaphase 
plates (Fig. 6). Thus, there is evidence of a diffuse centromere also in 
pollen anaphase, but the chromosome ends are usually only weakly or 
not at all bent to the pole. Often the chromosomes take an oblique posi- 
tion in the spindle during anaphase. 

The investigation of the irradiated spikelets showed that 1000r 
had been to strong a dosage. As a rule, mitosis was destroyed which 
implies that the nuclear membrane had disappeared, but the chromo- 
somes had not been able to form a spindle or a metaphase plate: they 
formed an irregular, rather scattered gathering in the cytoplasm. A 





1: root mitosis, chromosomes at pro-metaphase. 2000. — 2: root mitosis, early 
anaphase. X 2000. — 3—17: first pollen mitosis. — 3: prophase, two satellites. x 1500. 
— 4: early anaphase. < 1500. — 5: early anaphase, several bundles of spindle fibers 
attached to one chromosome. X 2000. — 6: the anaphase plates, the »generative» plate 
below. 1500. — 7: anaphase of a small tetrad nucleus; the large cell shows telo- 
phase, the upper nucleus being bent, is incomplete. 1500. — 8: prophase, small 
fragments and chromosome fusion. 750/48. 2000. — 9: prophase, increase of 
chromosome number through breakage. 750/48. < 2000. — 10: metaphase plate, 21 
chromosomes and two fragments; the spindle was here transverse. 500/72. x 2000. — 
11: anaphase, chromosomes lagging. 500/45. x 1500. — 12a: Ditto. 2000. — 125: 
delayed division of two chromosomes, 2000. — 13: tube nucleus and generative 
nucleus in close contact. 500/48. < 1500. — 14: restitution nucleus in the pollen grain. 
500/48. < 1500. — 15: supernumerary »tube nucleus». 500/48. < 1500. — 16: triploid 
plate formed of the small tetrad nuclei. < 2000. — 17: union of plates with larger and 
with smaller chromosomes. — X 2000. 
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similar damage may sometimes be observed after 500r and 750r. In the 
following description such cases will be ignored. 

The prophase nuclei often show changed chromosomes. After 750r 
the pollen nucleus may contain some small fragments but also frag- 
ments having the size of chromosomes. It turned out a disadvantage 
that the chromosomes of E. palustris have different sizes; this makes a 
direct establishment of structural changes difficult. The nucleus in 
Fig. 8, has, however, a very large chromosome which proves to be a 
structural change, probably caused by fusion. Increased numbers of 
chromosomes and the occurrence of very small fragments were more 
frequent after 750r than after 500r. Very often, however, irradiated 
nuclei had only 19 chromosomes. The increase in chromosome number 
may be moderate or large, to 20—23 or to 28—30 chromosomes, 
respectively (Fig. 9). 

Metaphase and anaphase stages are best studied in Feulgen-stained 
slides. The most changed prophase nuclei do not seem to undergo 
mitosis or to form a regular plate. Otherwise the chromosomes form a 
metaphase plate; in this plate also rather small fragments may be 
observed. Fig. 10 shows 21—22 chromosomes, one small and one minute 
fragment. Only rarely chromosomes and fragments outside the plate 
are observed. Large chromosomes sometimes lay parallel to the spindle. 
Anaphase was often disturbed, showing bridge formation and lagging. 
A large chromosome may be lagging between the anaphase groups and 
is in such cases always in the direction of the spindle fibers (Fig. 11). 
The chromosome is no doubt pulled to different poles, owing to break- 
age and reunion (compare p. 343). There are often several bridges; 
perhaps all bridges are not an indication of structural change, some 
may be due to increased stickiness. Several lagging chromosomes may 
be observed; they have divided but the anaphase movement is delayed 
(Fig. 12). Division of lagging minute fragments was not observed, but 
in most cases they seem to be included in a telophase nucleus. The 
distance between the two telophase groups is, however, usually very 
small in x-rayed pollen mitosis. 

The including of supernumerary elements of fragment size in a 
plate speaks in favour of the hypothesis that the chromosomes have a 
diffuse centromere or several centromeres. In untreated material pollen 
mitosis with 20 instead of 19 chromosomes has been observed in rare 
cases. The supernumerary element was here an unchanged chromo- 
some, but the occurrence of centric fragments in the x-rayed material 
can hardly be doubted. Direct observation of the attachment of the 
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spindle to the chromosome is difficult. The fibrillar structure of the 
spindle may be very clear, but it seemed very susceptible to the fixing 
fluids. Fig. 5 shows early anaphase; bundles of fibres were attached to 
the chromosomes, several bundles to one chromosome. As in Luzula, 
separating chromosomes show some stickiness at the earliest stage of 
separation. 

The spindle is susceptible to irradiation. In the treated spikelets the 
spindle of the pollen mitosis was, as a rule, more broad than under 
normal conditions; at late anaphase the spindle in most cases did not 
undergo the usual elongation. The result is that the tube nucleus and 
the generative nucleus lie close together (Fig. 13). The former is as usual 
larger and less stainable. In other cases the nuclei were at some distance 
from each other but the irregular anaphase may leave a bridge between 
them. The nuclei were sometimes more or less united; their difference in 
structure disappeared when the nuclei became more intimately connected; 
a restitution nucleus of uniform structure may be formed (Fig. 14). On 
the other hand, the irregular pollen mitosis may lead to the formation 
of more than two nuclei, as many as five were observed. Fig. 15 shows 
two tube nuclei and one generative nucleus. Usually only one of the 
nuclei had a »generative appearance», but once two generative nuclei 
lay side by side at the pole. Thus, supernumerary nuclei are formed 
because the chromosomes are rather scattered after anaphase, particularly 


‘at the vegetative pole of the spindle. Probably supernumerary nuclei in 


pollen grains may also be produced directly from scattered pro-meta- 
phase chromosomes due to absence of the spindle, as assumed by 
KOLLER (1943) concerning irradiated Tradescantia. Aberrant orientation 
was another spindle defect observed, the spindle in rare cases being 
transverse (compare Fig. 10). In such cases no generative cell is formed, 
only two nuclei of uniform appearance. This is a pollen anomaly that 
has been described many times; it has, for instance, been observed in 
species hybrids and in plants with a relatively high number of accessory 
chromosomes. 

The high dosage 1000r often killed all nuclei of the pollen tetrad, 
no further development occurring. After 500r and 750r the three small 
tetrad nuclei may take a dense structure very rapidly before the pollen 
metaphase sets in, but may in other cases be more vigorous than usual 
and show slightly increased size. Their behaviour is uniform within the 
same grain. Enlarged tetrad nuclei usually were not in separate cells, 
they had often moved from the inner end of the grain to a position 
more near the centre. The formation of a separate generative cell may 
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also be inhibited, the nucleus may remain free and lack cytoplasm of 
its own. 

In some spikelets, all probably belonging to the same clone, a 
peculiar irregularity was observed during pollen mitosis. The non- 
functioning tetrad nuclei formed comparatively large metaphase plates 
with comparatively large chromosomes. Two or three small nuclei often 
formed a diploid or triploid plate or pro-metaphase (Fig. 16). Some- 
times the normal pollen nucleus was polyploid: one grain had only 
one small tetrad nucleus and a large and, as it seemed, triploid spindle. 
Such cases may be the result of irregular meiosis; union of nuclei was 
observed at the second telophase. Sometimes, however, the normal plate 
with large chromosomes was continuous with a plate formed from a 
small tetrad nucleus (Fig. 17). Thus it seems as if chromosomes from 
different tetrad nuclei may be brought together, and also that only a 
part of the chromosomes from a small nucleus may be included in the 
large plate. A plate with 34 chromosomes may be explained in this way. 


SECOND POLLEN MITOSIS. 


The nuclei of old pollen grains seemed very resistant to x-raying. 
In some spikelets x-rayed with 1000r and fixed after 72 hours second 
pollen mitosis was found and seemed perfectly normal. The spindle 
was long and attenuated, no lagging or bridge formation was observed 
at anaphase. The small diameter of the elongated generative cell and of 
the second spindle made exact counts of the chromosomes impossible. 
Prophase nuclei had about 19 chromosomes. 

It is probable that the increased thickness of the exine of the pollen 
grain and, above all, the accumulation of nutrients within the grains 
— which had now a dense content — are the causes of the higher 
resistance. 


MEIOSIS. 


It seems to be very easy to obtain good plates of first metaphase in 
Cyperaceae but the structure of individual bivalents is less distinct. The 
bivalents are very contracted and thick; at diakinesis they are often in 
contact. Meiosis in Eleocharis palustris has previously been studied by 
PrEcH (1924), who investigated the subspecies with n=8. 

Diakinesis in a macrospore mother cell is shown in Figs. 18a and b. 
It is a rather early stage, the nucleolus still being present. Several bi- 
valents have the form of a ring, others have only one chiasma. Interstitial 
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18a and b: diakinesis in a macrospore mother cell. 2000. — 19: pro-metaphase. 
I1V?+171I1+fr. 2000. — 20: some bivalents from a metaphase plate. 2000. — 
21: first metaphase, polar view, 19II+fr. «2000. — 22: 19II, satellite: «1500. — 
23: early anaphase, all bivalents were not distinct. < 1500. — 24: interkinesis nucleus. 
1500. — 25: interkinesis nucleus, only nucleolus forming chromosomes are pictured. 
X 2000. — 26: second metaphase in an ovule. x 1500. — 27: several spindle fibers are 
attached to the chromosomes at early second metaphase. 2500. — 28: anomalous 
spindle with »rifts». x 1500. 


chiasmata may be formed, one large bivalent has three. Three bivalents 
are in contact with the nucleolus and have a different appearance; one 
carries distinct satellites. Later on the bivalents are strongly contracted. 

The bivalents at pro-metaphase and metaphase were most distinct 
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in the slides of a spikelet which had a supernumerary fragment chro- 
mosome. Ring-bivalents were very common here. The pro-metaphase in 
Fig. 19 had probably been slightly squashed, making all the bivalents 
distinct. It is uncertain whether the largest element is a quadrivalent or 
two interlocking bivalents. In Luzula purpurea the ring-bivalents at 
metaphase lie transversally to the spindle in the equatorial plate. Such 
an orientation is no doubt rare in Eleocharis. Fig. 20 shows some bi- 
valents at early metaphase, Fig. 21 a polar view of the metaphase plate. 
The longitudinal orientation of ring-bivalents is clear in this plant, 
although the direction of the individual bivalent seems to vary. 

As a rule the structure of the bivalents is, however, impossible to 
ascertain. The plate usually contains 19 bivalents. Fig. 22 shows that in 
rare cases satellites may be visible — also observed in the macrospore 
mother cell. Exceptional plates had 20 elements, no doubt 181II+2I. 
Multivalents were probably very rare (bivalents in contact may simulate 
multivalents). This was surprising, because this form of E. palustris 
shows much evidence of autopolyploidy and it is known that in auto- 
polyploid forms of different Carex species multivalents are common. 
An early anaphase stage is shown in Fig. 23. It is uncertain, however, 
if this is a typical picture of this stage, since it is rare and usually 
indistinct. 

Carex bivalents in the metaphase plates pictured by WAHL and 
TANAKA often have a distinct double structure. In polar plates of Eleo- 
charis such bivalents may also be observed (compare Fig. 21): four 
bivalents seem to have a median constriction. The chromosomes of the 
interkinesis nuclei generally are double, having a median split. The 
chromosomes retain their double structure rather unchanged during 
interkinesis (Fig. 24), but nucleoli appear on some chromosomes. PIECH 
stated that no nucleoli are formed during interkinesis, but stainings 
kindly performed by Mr. J. REITALU clearly showed a small nucleolus 
on two or three chromosomes of different size (Fig. 25). The nucleoli 
remain attached to the chromosomes, but in the cytoplasm appear one 
or two spherical bodies stainable with light-green. These bodies are no 
longer visible at the beginning of the second division, but new extra- 
nuclear bodies appear at second telophase. 

The cytoplasm of the pollen mother cell undergoes certain changes 
during interkinesis. Sometimes a circle or plate of minute bodies was 
visible for a short time on each side of the equator. It seemed that here 
the formation of a cell plate was initiated but it was never completed 
and was of an ephemeral nature. As is well known, the pollen formation 
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in Cyperaceae is according to the simultaneous type. However, WULFF 
(1939) considered it to be a reduced form of the successive type, referring 
to an old observation of JUEL of an ephemeral cell plate at interkinesis 
in Carex acuta. The changes in the cytoplasm observed in Eleocharis 
seem reminiscent of a successive pollen formation. 

Interkinesis in Eleocharis is similar to the same stage in Carez, as 
shown in a photomicrograph by WAHL (l.c., Fig. 61). WAHL called the 
chromosomes pairs, that is, they were considered to be half-bivalents, 
an interpretation which seems uncertain in Eleocharis. At second meta- 
phase they seem orientated with the split in the equatorial plane, but 
this stage was not very distinct. Fig. 26 shows the second division in 
the ovule. 

In x-rayed spikelets meiosis was more or less often disturbed. The 
most common irregularities were increased number of chromosomes in 
the plates, the appearance of very small fragments, lagging and bridge 
formation at first and second anaphase. The second anaphase was more 
disturbed than the first. 

Supernumerary chromosomes at first metaphase are no doubt often 
univalents. Different investigators have shown that in Cyperaceae uni- 
valents are in the equatorial plate, divide, chromatids passing to the 
poles with the other chromosomes. The plate may also contain frag- 
ments (Fig. 29). In most cases the plate contains all the chromosomes 
‘and fragments, but elements may sometimes be observed outside the 
plate. The orientation of the bivalents seems variable; sometimes one, 
sometimes both of the paired chromosomes are seen in polar view 
(Fig. 29). A few times an amphibivalent was observed; it was placed in 
the longitudinal direction of the spindle. After treatment with 750r the 
bivalents may be eroded, after 1000 r fusion of the bivalents to a large 
ring in the periphery of the plate may be observed (compare DE CASTRO, 
CAMARA, and MALHEIROS, 1949). 

The behaviour of small fragments at first anaphase is shown in 
Fig. 30. The cut of the knife has hit the spindle obliquely and only a 
part of the lower plate is in the pictured section. There are fragments at 
each plate, while one fragment lags at the equator of the spindle. At 
late anaphase lagging chromosomes and fragments may occur; loss is 
less frequent although it may be observed (Fig. 32). The division of 
small fragments is rarely observed but undivided fragments seem to 
move to the pole. Bridge formation may also occur at first anaphase 
after 750 r (Fig. 31), a bridge connecting the two interkinesis nuclei was 
also observed. The interkinesis stage had no uniform appearance. It was 
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29: metaphase 1; a minute segment, indicated through a ring, was not in the plate. 
191I+3 fr. 500/72. x 2000. — 30: first anaphase; fragments in the anaphase groups, 
one fragment lags at the equator. 750/48. < 2000. — 31: very irregular first anaphase 
750/48. 2000. — 32: interkinesis, one large chromosome and one fragment are 
>eliminated». 750/48. < 1500. — 33: interkinesis in the ovule; all chromosomes ini the 
nuclei are not pictured, two »eliminated» fragments. 1000/72. «1500. — 34: inter- 
kinesis nucleus, the chromosomes are simple. 500/48. x 1500. — 35: second anaphase. 
500/48. x 1500. — 36: Ditto. — 37: the second division, eight fragments lagging at the 
equator. 750/48, x 1500. 

















perhaps some defect of the spindle — which prevented an assembling 
or congression of the chromosomes in an anaphase group — that caused 
the forming of very large interkinesis nuclei. These nuclei apparently 
had an increased number of chromosomes, but it was only a separation 
of chromosome halves along the split (Fig. 34). Spikelets irradiated with 
a higher dosage may show fragments in the interkinesis nucleus; Fig. 33 
shows such an interkinesis in an ovule. In other cases again interkinesis 
nuclei had normal structure. 

After 500r the second meiotic division shows lagging and bridges 
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in less than 4 % of the pollen mother cells (Figs. 35 and 36). In Fig. 36 
a large chromosome, »eliminated» at the first division, unites anaphase 
groups from different spindles. This was one of the very few cases 
observed which indicated loss at the first division at this dosage. After 
750r the second division was very often irregular. Frequently half a 
dozen or more fragments lag at the equator (Fig. 37) or lie between the 
equator and the pole. A median segment of some chromosomes seemed 
sometimes to be left at the equator. Large elements may be divided, the 
small fragments are, however, always single. Bridges are very frequent. 
There is only small evidence of these irregularities in the young tetrads, 
however. 

Spindle disturbances were not so frequent at meiosis as at first 
pollen mitosis. The normal spindle at first metaphase seems very similar 
to this spindle in Luzula campestris (judging from photomicrographs in 
Brown, 1950). In Eleocharis palustris the attachment of several spindle 
fibers to one chromosome was observed, as is seen in Fig. 27, which 
shows early metaphase of the second division. BROWN described certain 
peculiarities of the Luzula spindle. One was the appearance of »rifts», 
which he considered as an artefact caused by fixative or smearing. Such 
»rifts» were sometimes observed here (Fig. 28) in some slides of x-rayed 
spikelets which had a heavily stained spindle at first metaphase; oc- 
casionally the spindle was divided longitudinally, causing »rifts». 

A peculiar case of an aberrant spindle was once observed after 500 r. 
The bivalents were all in the periphery of the pollen mother cell, each 
attached to some distinct spindle fibers. All fibers of the spindle united 
in the centre of the cell. Thus a unipolar spindle was formed, shaped 
as a wheel with the fibers as spokes uniting at the centre (the wheel- 
nave), the bivalents being in the periphery. Thus there were only spindle 
fibers on one side of the bivalent, and anaphase separation seemed im- 
probable. The other pollen mother cells of the loculus showed a more 


advanced stage, interkinesis or second anaphase. 


CONCLUSIONS. 


The evidence of a diffuse centromere in Cyperaceae has hitherto 
been of an indirect nature. Attention has been called to a close affinity 
between Cyperaceae and Juncaceae, to the many aneuploid chromo- 
some numbers and to the occurrence of post-reduction in Carex (de- 
scribed by WAHL, 1940). 

Cyperaceae has a very peculiar pollen development, but WULFF 
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(1939) has shown several peculiarities in the pollen tetrads of Juncaceae 
suggestive of Cyperaceae. His conclusion »dass vom embryologischen 
Standpunkt aus eine nahe systematische Verwandtschaft zwischen den 
beiden Familien als bewiesen angesehen werden kann», seems correct. 
Earlier, Juncaceae was often placed in the order Liliiflorae. 

The chromosome numbers are, as a matter of fact, very different in 
Juncaceae and Cyperaceae. The species of the former family have 
euploid numbers and aneuploidy is rare. The genus Luzula has 3 as 
basic number, the multiple numbers are assumed to be caused by a 
transverse division of the chromosomes, a process called agmatoploidy 
by MALHEIROS-GARDE and GARDE (1951). Polyploids arisen through 
agmatoploidy (endo-nuclear polyploidy, NORDENSKIOLD, 1951) have the 
same number of nucleoli and SAT-chromosomes as the diploid and much 
smaller chromosomes. Diffuse centromeres make such fragmentations 
possible, although it may seem strange that all chromosomes have been 
divided, and, as it seems, in two equal parts. The theory is supported, 
however, by the observation of NORDENSKIOLD that in certain hybrids 
several small and one large chromosome are paired. Aneuploidy in 
Luzula may originate from fragmentation of one or a few chromosomes; 
a further result in such cases are chromosomes of different size within 
the same set. A few cases of true polyploidy are also known in Luzula. 
The genus Juncus has the basic number 5; the lowest haploid number 
actually found is 15. 

Cyperaceae is, on the other hand, distinguished through aneuploid 
chromosome numbers. In Carex many species have chromosomes of 
rather equal size, others show considerable size differences within the 
set. At first the complete absence of polyploidy in Carex was advocated, 
but later several cases of autopolyploidy were found, for instance 
C. siderosticta with n=6 and n=12 (TANAKA, 1940). In quite a number 
- of species different chromosome numbers have been established; there 
are races with multiple numbers or aneuploid numbers. TANAKA (1949, 
p. 22) summarizes his investigations thus, »Recently the author has 
reported that up to the present a varying number of from two or more 
to as many as six, intraspecific aneuploid chromosome numbers were 
found in some seventy species, and that various degrees of the struc- 
tural hybridities were noted in fifty-three species, and that only fifty- 
nine species out of 149 species studied were recognized as a stable 
species». The trend in the new investigations (WAHL, 1940; TANAKA, 
1949) is to assume the original existence of several polyploid series 
within the genus, probably with different basic numbers. The aneuploid 
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species are derived secondarily through disturbed meiosis or through 
crosses between aneuploid plants with a high degree of polyploidy 
(TANAKA, /.c.). Structural changes are also frequent. So far, the chro- 
mosome changes have not been discussed in the light of the possibility 
that the Carex chromosomes have a diffuse centromere. Agmatoploidy 
may explain different sizes within the set and, as in Luzula, the small 
chromosome size in many polyploids is striking. In Scirpus s.l. we also 
find aneuploidy to be very frequent; often the chromosomes are small 
in species having a high number, and there are often different numbers 
in the same species. Different chromosome sizes within the same set 
are particularly frequent in Eleocharis. 

Eleocharis has large chromosomes, »agmatopolyploidy» does not 
occur here. On the contrary, in E. palustris forms with a higher chro- 
mosome number have, on an average, also larger chromosomes. The 
basic number seems to be 5, it occurs in E. parvulus and E. obtusa. 
LEwITsKy (1940) found it in a dwarf form of E. palustris from the 
vicinity of Kiew, »growing far back from the river on clayey waste 
lands». In Sweden E. palustris with n=8 and n=19 has been found 
(HAKANSSON, 1929). They had different sizes within the chromosome 
set, the latter 3L+5M+11S, the former smaller chromosomes with 
2L, probably 1M, and 5S. This is also the chromosomes found in 8- 
chromosome plants from Massachusetts, U.S.A., by HIcKs (1929). Plants 


’ with 8 and 19 chromosomes may be very similar but show differences 


in fruit size (HAKANSSON, I. c.). WALTERS (1949) has given these two 
chromosome races in E. palustris the rank of subspecies. Subsp. vulgaris 
(2n=38) has larger fruits, larger stomata and a more northern distribu- 
tion than subsp. microcarpa (2n=16). The chromosome numbers of 
English plants of E. palustris have been determined by DOXEyY (1938) 
and WALTERS. The former found a certain variation, »2n=38 and 2n=39 
for several E. palustris plants in northern English localities, also single 
plants with 2n=37 and 40—41» (cited after WALTERS). HICKS has also 
found the chromosome number n= 18. Stout plants called var. »glauc- 
escens» had this number; 5 of the chromosomes were large, 13 smaller 
and of equal size. E. palustris with n=8 has also been reported from 
Poland, Hungary and Russia. 

Thus, in addition to E. palustris subsp. microcarpa and E. palustris 
subsp. vulgaris (the latter is called subsp. palustris in the new »Flora of 
the British Isles») we have in Europe the dwarf form found by LEWITsky. 
Comparing the latter with E. palustris with n=8, LEWITSKY writes, »In 
general appearance the chromosomes of both forms are very similar, 
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differing slightly only in size, so there are no grounds for presuming 
segmentation or association of chromosomes. If we assume the common 
form is the initial one three pairs of chromosomes must have been 
eliminated». However, when it has now been shown that the chromo- 
somes have a diffuse centromere, the theory that the number 19 has 
arisen through doubling of 8 and fragmentation of at least one large 
chromosome seems more plausible (see HAKANSSON, 1929). The dwarf 
form perhaps shows the original chromosome conditions whereas micro- 
carpa and vulgaris are on the tetraploid and hexaploid levels, respect- 
ively. The occurrence of three nucleolus-forming chromosomes of at 
least two sizes in subsp. vulgaris is further evidence of polyploidy and 
fragmentation. It was pointed out in the previous paper that the size 
differences within the set were less striking in root mitosis and in the 
8-chromosome form and, further, that the general chromosome size 
was smaller in the latter form. The first two points may explain why 
LEWITSKY, who studied root mitosis, does not describe size differences 
in his 8-chromosome plants; they are, however, rather clear in the 
pictured plate whereas in the plate from the dwarf form no differences 
are visible. In conformity with the third point the dwarf has smaller 
chromosomes. The absence or rarity of multivalents in subsp. vulgaris 
is unexpected and indicates alloploidy and larger differences than may 
be shown by the very variable phenotypes. 

Very closely related to E. palustris is E. uniglumis (WALTERS, I. c.). 
The chromosomes are very similar to those of subsp. vulgaris but their 
number is higher, n=23 (HAKANSSON, 1928). The same number has been 
found in British plants from different localities. From the continent, 
however, the haploid numbers 16 (PIECH) and 8 (PFEIFFER) have been 
reported. The genus Eleocharis is distinguished by comparatively large 
chromosomes of different size. Different intraspecific numbers have also 
been reported in E. acicularis. 

These different aneuploid, rather deviating intraspecific chromo- 
some numbers in Eleocharis and the unequal size of the chromosomes 
within the set strongly suggest that fragmentation and perhaps also 
fusion have contributed to the chromosome variation in Cyperaceae, in 
addition to the more familiar changes: autoploidy and true aneuploidy 
through meiotic irregularities or crossings. Formation of new chromo- 
somes through fragmentation is only possible in chromosomes with 
several centromeres or a diffuse centromere. There is also evidence of 
fusion of chromosomes in Scirpus s.1. S. lacustris (Schenoplectus lac.) 
and the related S. Tabernaemontani have 21 chromosomes of equal size. 
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In addition, TANAKA has found two forms with 2n=40 (var. pictus) 
and 2n=38, respectively. The former had one, the latter two very large 
chromosomes. This large chromosome had the size of three ordinary chro- 
mosomes and in meiosis may pair with three other chromosomes. Thus, 
it was no doubt composed of three chromosomes and its origin through 
simple fusion now seems a possibility. TANAKA (1939), who, of course, 
assumed the chromosomes to be monocentric applied »the conception of 
fragmentation and fusion in NAVASHIN’s sense» to the origin of the large 
chromosome; a rather complicated procedure was suggested. 

The appearance and behaviour of the chromosomes of Eleocharis 
palustris show very strong similarity to those described from mitosis in 
Luzula purpurea, indicating polycentric chromosomes or a diffuse cen- 
tromere. The peculiar parallel separation of daughter chromosomes and 
the concave form of the anaphase chromosome — simulating an at- 
traction of the two ends to the pole and also very distinct in Scorpions, 
Coccids and certain other animals with a diffuse centromere and fairly 
large chromosomes — were observed here. Satellites are difficult to 
demonstrate in Eleocharis palustris and other Cyperaceae as well as in 
Luzula, although perhaps they are present in all species. TANAKA (1940), 
however, reported one and two satellites, respectively, in the sets of 
diploid (2n=6) and tetraploid (2n=12) Carex siderosticta. The haploid 
set of E. palustris has two or perhaps three satellites, only occasionally 


‘ observed. Recently a small satellite has been observed in Luzula pur- 


purea and L. campestris (see a note in MALHEIROS-GARDE and GARDE, 
1951), in the latter species BROWN (1951) described a large hetero- 
chromatic, terminal centromere as nucleolus-organizer at pachytene. 
Perhaps the thread carrying the satellites is, as a rule, very short. 

The spindle in Eleocharis and in Luzula is broad and truncate. 
Extreme in these respects was the spindle of the first meiotic division in 
Eriophorum vaginatum (HAKANSSON, 1928), another member of the 
family Cyperaceae. In Eleocharis palustris the spindle is sometimes 
pointed in meiosis or first pollen mitosis, the second pollen mitosis 
always showed a long, thin spindle. The attachment of several spindle 
fibers or bundles of spindle fibers to one chromosome was observed, 
although the observations hardly allow conclusions as to the question 
of a diffuse centromere or polycentric chromosomes. 

The occurrence of post-reduction in Carex has been an argument in 
favour of a diffuse centromere. Post-reduction was, however, described 
by WAHL (1940) only. His interpretations are based on the observation 
that associated chromosomes, that is bivalents, trivalents, chromosome 
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rings, etc., remain together at early first anaphase. Interkinesis was 
rarely distinct, but in C. laxiflora he observed the haploid number of 
pairs. He concluded that the first division is equational, and also found 
some evidence that the second was reductional. His photomicrographs 
show very small chromosomes, sure interpretations seem difficult. The 
aspect of first metaphase and interkinesis in Eleocharis no doubt shows 
similarities, but I am not completely convinced of equational division. 
In Luzula purpurea equational division is much more clear: ring- 
bivalents are transverse to the spindle, the interkinesis nuclei may 
contain half-bivalents with relic halves of interstitial chiasmata or a 
ring-of-four may be observed in each interkinesis nucleus. Probably the 
investigation of a plant with frequent multivalent formation or with 
heteromorphic bivalents could decide the question of pre- or post-reduc- 
tion in Eleocharis. The hetero-bivalent in Scirpus lacustris var. pictus 
is of no use here since it could show reductional as well as equational 
division of the unpaired segment at first anaphase (TANAKA, I. c.). Only 
equational division was directly observed, however, the occurrence of 
reductional division was infered from II-metaphase plates lacking the 
large segment. 

The behaviour of the chromosomes in the x-rayed spikelets supports 
the idea of a diffuse centromere or perhaps rather of polycentric chro- 
mosomes: fragments in most cases are in the equatorial plate; later they 
go to the poles. The effect of x-rays on the divisions was different. 
Second pollen mitosis was unchanged after 1000r. First pollen mitosis 
showed supernumerary chromosomes — no doubt due to breakage —, 
very small fragments, lagging and bridge formation at anaphase. 
Disturbed spindle mechanism was very frequent in this division. First 
meiotic division showed supernumerary elements in the form of uni- 
valents or fragments, different orientation of bivalents in the plate, 
structural changes, disturbed anaphase. Second meiotic division could 
show a larger number of small fragments and frequent lagging and 
bridge formation at anaphase. The supernumerary elements in pollen 
mitosis cannot be connected with irregular meiosis in the x-rayed 
spikelets; 48 hours are too short a time, although it is a fact that in 
Cyperaceae as well as in Juncaceae (I have investigated Juncus effusus) 
the first pollen mitosis is earlier than in other Angiosperms. This is also 
clear from the statement of WULFF (1939) that in Juncaceae and in 
Cyperaceae growth of the pollen grain and forming of its exine occur 
after the pollen mitosis, not before as in other Angiosperms. 

Some peculiarities observed after x-raying have also been described 
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in untreated material. In a single pollen mother cell HIcKs observed 9 
instead of 8 chromosomes. No doubt the chromosomes present formed 
71I+21 and there is no reason to ascribe also the chromosome number 
9 to E. palustris, as has been done in several chromosome lists. As 
spontaneous variation here was observed 20 (18II+21) chromosomes 
sometimes and in one plant a supernumerary rather large fragment. 
Concerning variation in pollen mitosis a statement of WALTERS may be 
cited, »Intraindividual variation DOXEy found in E. uniglumis, a western 
Kent plant showing at pollen mitosis 19—24 chromosomes while in 
other plants variation to a lesser extent was found». The actual number 
of this species is 23 and in this case irregular meiosis may be the cause 
of the described variation. Meiotic irregularities have been described in 
different Carex hybrids and also in some Scirpus forms. As a rule, the 
second division is more disturbed, lagging and bridge formation being 
frequent. The irregularities have been ascribed to structural differences 
and to the inability of a chromosome to divide twice during meiosis; 
in Cyperaceae univalents regularly divide at first anaphase, chromatids 
later meeting difficulties at the second division. 

The frequent lagging after x-raying is no doubt often due to struc- 
tural changes. The longitudinal position of the lagging chromosome be- 
tween the poles is an evidence. OSTERGREN (1949) assumed that chro- 
mosomes with a diffuse centromere have kinetic properties on one side 
in the form of a kinetic stripe or perhaps a series of chromomeres with 
kinetic properties. The reunion of fragments after breakage may result 
in different parts of a chromosome having the kinetic stripe turned in 
opposite directions. Such a chromosome is pulled to opposite poles and 
lags in the spindle, sometimes it is not included in the telophase nucleus. 
Fragments are in most cases in the metaphase plate, this indicates 
centric properties. Acentric fragments no doubt also occur but com- 
paratively rarely fragments are observed outside the spindle or the 
nuclei. At late anaphase small centric fragments seem to pass undivided 


to the pole. 
SUMMARY. 


The appearance and mitotic behaviour of the chromosomes of 
Eleocharis palustris subsp. vulgaris indicate that they have a diffuse 
centromere or are polycentric. Investigation of meiosis and pollen mitosis 
in x-rayed spikelets supports this view. It was, however, not possible to 
show post-reduction with reasonable certainty. 
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ON ACCESSORY CHROMOSOMES IN 
FESTUCA PRATENSIS 
I. CYTOLOGICAL INVESTIGATIONS 
By NILS OLOF BOSEMARK 


INSTITUTE OF GENETICS, UNIVERSITY OF LUND, SWEDEN 





I. INTRODUCTION. 


io Festuca pratensis HuDS. has seven pairs of chromo- 
somes. RANCKEN (1934), in a study of the cytology of some grasses, 
reported the occurrence of what he called fragment chromosomes in 
some plants of Festuca pratensis, among other species. These fragment 
chromosomes seem to behave similarly to the B-chromosomes in maize, 
Sorghum and Anthoxanthum and the standard fragment in rye. 

The purpose of the present investigation has been to compare the 
behaviour and effect of these chromosome elements in Festuca pratensis 
with those found in the materials mentioned above, and others. In this 
paper, which is the first in a series of publications, I will call these chro- 
mosomes accessory chromosomes following the terminology suggested 
by HAKANSSON (1945) and MUNTZING (1945). In a preliminary note 
(BOSEMARK, 1950) I have presented some of the earlier data on the 
accessory chromosomes in Festuca pratensis. For a review of the present 
knowledge on accessory chromosomes in plants, see MUNTZING (1949, 
1954) and TISCHLER (1953). 


II. MATERIALS AND METHODS. 


Festuca pratensis is a typical cross-fertilizer with high variability in 
minor morphological characters, vitality and fertility, characteristic of 
such plants. The material for the present investigation consists mainly 
of plants collected from wild populations in Sweden or is derived from 
such plants. The results of the collections with respect to frequency and 
geographical distribution of the accessory chromosomes will be con- 
sidered in detail in another paper. Some data from the material collected 
in 1948—49, have been given already in the previous report (BOSEMARK, 
1950). 

For chromosome counts root-tips were fixed in chrome-acetic 
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formalin (MUNTZING’s modification of NAVASHIN’s fluid; MUNTZING, 
1933) and sectioned at 14 u. The study of meiosis has been made mainly 
in squashes after fixing in acetic-alcohol (1:3), but also in sections of 
20 fixed in chrome-acetic formalin after prefixing in acetic-alcohol. 
All sections were stained in crystal violet, squashes in aceto-carmine or 
Feulgen. The first pollen mitosis has been studied in aceto-carmine 
squashes after fixing in acetic-alcohol: Further details on the technique 
used will appear in the text. 


Ill. MITOSIS. 
1. MORPHOLOGY OF THE NORMAL CHROMOSOME COMPLEMENT. 


The morphology of the normal chromosome complement, as well 
as that of the accessory chromosomes, in Festuca pratensis has already 
been described by RANCKEN (1934). Because of the use of a different 
type of fixative (a modification of FLEMMING) the chromosomes in his 
slides are more slender and have more easily detectable primary as well 
as secondary constrictions than is the case in my fixations. In the 
chrome-acetic formalin fixations one pair of the chromosomes in the 
normal complement in general shows a big secondary constriction 
which is obviously concerned with the formation, of nucleoli. The ap- 
pearance of the chromosonies after my fixations is seen in Figs. 1—12. 
RANCKEN measured the length of the normal chromosomes in his slides 
and has given the values 4 and 6,5 ~ for the shortest and longest 
chromosomes, respectively. These figures are in good agreement with 
those found by PETO (1933) and myself, but are obviously dependent 
largely on the fixative and pre-treatment used. 


2. MORPHOLOGY AND FREQUENCY OF DIFFERENT 
ACCESSORY CHROMOSOMES. 


The majority of accessory chromosomes in my material corres- 
ponds very well with the fragment chromosome described by RANCKEN. 
During the course of the investigation new types of accessory chromo- 
somes, however, have been found in wild material as well as in pro- 
genies after crossing plants with accessory chromosomes of the standard 
type. For that reason it has been necessary to name the different types 
in the following way: 

(a) The standard type of accessory chromosomes (st. acc.). — This 
is the dominating type. Its length is about */, of the mean for the normal 
chromosomes, it has a median centromere and is of the same thickness 
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as a normal chromosome (Figs. 1—4). Nearly all data in the present 
paper are derived from plants with accessory chromosomes of this type 
only. Thus, accessory chromosome in the text and tables refers to this 
type, unless otherwise stated. 

(b) Small accessory chromosomes (s.acc.). — This group consists 
of all accessory chromosomes of smaller size, not smaller than half a 
standard accessory chromosome. Thus this group, as also the following, 
is not homogeneous, and a number of different types can be distinguished 
(Figs. 5—8). 

(c) Very small accessory chromosomes (v. s.acc.). — All accessory 
chromosomes smaller than half the standard type. The smallest ones 
in this category appear as small dots in root-tip metaphases (Figs. 
9—10). 

(d) Large accessory chromosomes (I. acc.). — In a few plants chro- 
mosomes of about double the size of a standard accessory chromosome 
have been found. They are not yet studied in detail, but at least some 
seem to behave as accessory chromosomes, others undoubtedly are real 
fragments from the normal complement. Until better understood the 
first category will be described as large accessory chromosomes (Figs. 
11—12). 

Most of the plants with deviating accessory chromosomes have been 
met with among progeny plants after crosses or open pollination of 
plants with higher numbers of accessory chromosomes of the standard 
type. This and cytological observations make it highly probable that 
the smaller types have originated through fragmentation of the standard 
type. Such accessory chromosomes of a smaller size, derived from a 
standard type, have already been described in maize (RANDOLPH, 1928, 
1941; LONGLEY, 1938; and DARLINGTON and UpcoTT, 1941) and rye 
(MUNTZING, 1944, 1948b; and MUNTZING and LIMA-DE-FARIA, 1952). In 
maize, as in my material, there is a whole series of accessory chromo- 
somes, which have been called B-, C-, D-, E- and F-chromosomes 
(B=standard). Cytological studies have demonstrated that probably all 
of these smaller types have originated from the B-chromosome (LONGLEY, 
1938; RANDOLPH, 1941). MUNTZING (1944) has described how mis- 
division of the standard fragment in rye gives rise to two new accessory 
chromosomes of iso-chromosome type, one larger and one smaller than 
the standard fragment. MUNTZING (1948b) also found another smaller 
type of accessory chromosome in rye, thought to have originated through 
a deletion in one arm of the standard fragment. A pachytene analysis 
(MUNTZING and LIMA-DE-FaRIA, 1952), however, revealed it to be due 
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to a terminal deficiency. The origin of the large accessory chromosome 
in Festuca pratensis is still obscure. As it is of about double the size of 
the standard accessory chromosome and has a more or less median 
centromere, it is not possible to explain its origin through misdivision 
of the standard type similar to that in rye, unless the centromere 
attained a more terminal position by an inversion before such a mis- 
division occurred. Further studies of the cytology and inheritance of 
the different types of accessory chromosomes are in progress. 


3. HETEROCHROMATIC NATURE OF THE ACCESSORY 
CHROMOSOMES. 


The majority of accessory chromosomes in plant as well as animal 
material is known to be more or less heterochromatic. This is also the 
case with the accessory chromosomes in Festuca pratensis. The hetero- 
chromatic nature of the accessories in my material has been studied in 
root-tips as well as pollen mother cells and pollen grains. Here I will 
consider only the situation in root-tips, the other results will be dis- 
cussed later. It should be pointed out that the terms heterochromatin 
and heterochromatic in this paper, in accordance with the definition by 
HEITZ (1932), are used only as morphological concepts. The terms 
positive and negative heteropycnosis were introduced by WHITE in 1935; 
his definition of heterochromatin, based on these terms (WHITE, 1945), 
is not in disagreement with HEITz’s original definition, and will also 
be used. The normal chromosome complement of Festuca pratensis, 
judging from resting nuclei and early prophase stages in root-tips with- 
out accessory chromosomes, does not contain any larger heterochromatic 
segments. Resting nuclei in plants without accessory chromosomes have 
a varying number of small overstained bodies. In plants with accessory 
chromosomes, however, depending on their number, one or more large 
overstained bodies are present in the resting nuclei (Fig. 13). These 
chromocentres or prochromosomes can be of different size and more or 
less well defined, but are generally so marked that judging from resting 
nuclei and early prophase stages, one can say with a fairly high ac- 
curacy whether a plant has accessory chromosomes or not (Fig. 14). In 
plants with high numbers of accessory chromosomes the individual 
chromocentres are often associated with each other forming larger units. 

At metaphase the stainability of the accessory chromosomes with 
crystal violet, orcein or Feulgen is quite as good as that of the normal 
chromosomes, and I have not been able to find any negative hetero- 
pycnosis at this stage after moderate cold treatment, as described for 
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the accessory chromosomes in Anthoxanthum aristatum (OSTERGREN, 
1947). This may, however, depend on the difficulty of measuring small 
differences in thickness in the relatively small accessory chromosomes 
in Festuca pratensis. 

Behaviour similar to that now described for the accessory chromo- 
somes in Festuca has been found in Sorghum (DARLINGTON and THOMAS, 
1941), maize (MORGAN JrR., 1943) and Anthoxanthum (OSTERGREN, 1947). 
MORGAN made a careful investigation of the relationship between num- 
ber of knobs and number of chromocentres, as well as between B- 
chromosomes and chromocentres in maize, and found a significant 
positive correlation between number of chromocentres and number of 











13 


Figs. 13—14. Positive heteropycnosis in root-tips from plants with accessory chromo- 
somes. — Fig. 13, Resting nucleus in a plant with 2n=14+14 st. acc. — Fig. 14, Pro- 
phase in a plant with 2n=14+6 st. acc. 


knobs and B-chromosomes, respectively, though as, in Anthoxanthum 
and in my material, association of chromocentres in general led to a lower 
figure for these than for number of knobs and B-chromosomes. OSTER- 
GREN points out that the degree of heteropycnosis varies within the same 
root in such a way that in the higher regions of the root the hetero- 
chromatin is more easily seen than in vigorously growing meristematic 
cells. This also holds true to some extent for my material, but still more 
striking differences can sometimes be seen owing to the physiological 
condition of the roots at the time of fixation. 


4, THE POSITION OF THE ACCESSORY CHROMOSOMES IN 
SOMATIC METAPHASE PLATES. 
MUNTZING (1948 a) has shown that the different types of accessory 
chromosomes in rye have a more or less central position in root-tip 
metaphase plates depending on their size in such a way that the smallest 
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have the most central position. All types of accessory chromosomes in 
his material, except the large iso-fragment, which is of about the same 
size as the normal chromosomes, have a more central position than 
these. This is in agreement with the general experience that in somatic 
metaphase plates with chromosomes of different size, smaller chromo- 
somes tend to have a more central position than larger ones. 

In maize (DARLINGTON and UpcoTT, 1941) the B-chromosomes, 
though smaller than the normal chromosomes, have a very strong ten- 
dency to be situated on the periphery of the somatic plates. This is 
thought to be due to the B-chromosomes having a weaker centromere. 
MUNTZING concludes from his data in rye that the accessory chromo- 
somes in this material have centromeres of a normal strength. 

I have used the method described by MUNTZING to determine the 
position of the accessory chromosomes in Festuca pratensis. According 
to this method a peripheral line is drawn connecting the centromeres in 
the periphery; the chromosomes are chosen in such a way that the 
angle formed between the lines at both sides of a centromere is always 
180° or greater as seen from the outside. Chromosomes with their 
centromeres inside this peripheral line are called central, those with 
their centromeres on the line peripheral. 

My material for this position determination consisted of progeny 
plants from two crosses and one single plant, the latter with a fairly 
high number of accessory chromosomes. The result is seen in Table 1 
(P=peripheral chromosomes, C=central chromosomes and % C=per 
cent central chromosomes). 

From the statistical analysis it is evident that the accessory chro- 
mosomes in Festuca pratensis, as in rye, have a more central position in 
somatic metaphase plates than the normal chromosomes. Judging from 
this the accessory chromosomes in Festuca pratensis do not have defective 


TABLE 1. The position of the accessory chromosomes in somatic 
metaphase plates. 





Number Material Normal chr. Acc. chr. 
of ace. chr. ee P Cc % C P Cc %C 
14+2 st. acc. K1/50 1141 805 41,4 118 160 57,6 
144+2> » K65/50 501 297 37,2 50 64 56,1 
1444 >» » K1/50 328 218 39,9 59 97 62,2 
144+7>» » pl. 212 171 109 38,9 54 86 61,4 
14+ 2—7 st. acc. Total 2141 1429 40,0 281 407 59,2 


7° (total) =86,06 P< 0,001 
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TABLE 2. Analysis of expected somatic pairing between accessory 
chromosomes in plants with 2n=14-+ 2 st. acc. 





. Angles 
Material ay 40° 60° 80° 100° = :120,—s«s140"=— «160° = «180° 
K135/48 b 2 7 3 3 2 4 2 4 
K1/50 4 3 5 4 1 3 1 1 1 
K65/50 2 2 1 2 1 -= 2 —— 3 
Total 8 7 13 9 5 5 Pj 3 8 


centromeres. The different progenies used in my investigation seem to 
behave in quite the same way. 

In his paper of 1934 RANCKEN points out that the accessory chro- 
mosomes in somatic plates are grouped two or more together more often 
than could be expected from mere chance, and he suggests that this 
might be due to some kind of somatic pairing. To test this hypothesis 
some of the drawings made for the investigation of the position of the 
accessory chromosomes were used. To avoid the influence of the more 
central position of the accessory chromosomes, only drawings from 
plants with two accessory chromosomes, both situated on the peripheral 
line, were chosen. The centre of the figure formed by this line was 
estimated, and the angle between the centromeres of the accessory chro- 
mosomes from the centre measured. If any form of somatic pairing 
exists, one should expect small angles to dominate, if else all angles 
between 0° and 180° should be equally represented (Table 2). 

As seen from the table, there is a low excess of angles smaller than 
90° (0°—90° =39,5 cases; 90°—180° =25,5 cases), but a x*-test reveals 
that this distribution does not deviate significantly from a 32,5: 32,5 
distribution (z%’ =3,015; 0,10 > p > 0,05) which is the expected one without 
somatic pairing. In this material there is thus no evidence for somatic 
pairing. The fact that one easily gets this impression, especially in plants 
with high numbers of accessory chromosomes, is probably the result of 
the more central position of these chromosomes; this will lead to a 
reduced distance between them. The frequent association of accessories 
into chromocentres in the mitotic interphase may also influence their 
position at metaphase. 


5. CONSTANCY OF THE ACCESSORY CHROMOSOMES 
WITHIN PLANTS. 


Among plants with accessory chromosomes there are two species 
where these chromosomes are present only in the germ-line and are 
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eliminated in the root-tips and other somatic tissues: Sorghum (DAR- 
LINGTON and THOMAS, 1941) and a sexual strain of Poa alpina 
(MUNTZING, 1946 b, 1948c). In some other materials there is a certain 
variation between root-tips, or even within the same root-tip, from the 
same individual. The best known cases of this type are Zea mays 
(GROSSMAN, 1937; cf. TISCHLER, 1953; and DARLINGTON and UPCOTT, 
1941), Godetia viminea (HAKANSSON, 1949) and Godetia nutans X Whit- 
neyi with acc. chr. (HAKANSSON, 1950). In contrast to this it has been 
reported for rye (MUNTZING, 1948a) and Anthoxanthum (OSTERGREN, 
1947) that the accessory chromosomes are constant within one individ- 
ual with few exceptions. The accessory chromosomes in Festuca pra- 
tensis in this respect behave like those in rye and Anthoxanthum. Only 
in a few slides out of several thousands has it been possible to establish 
with any certainty a variation of +1 accessory chromosome. Also the 
smaller types of accessory chromosomes seem to have a fairly high 
degree of constancy in the root-tips. 


IV. MEIOSIS. 


Meiosis has been studied in detail in altogether 69 plants with a 
standard accessory chromosome number distribution as listed in Table 3. 


1. PLANTS WITHOUT ACCESSORY CHROMOSOMES. 


The seventeen plants without accessory chromosomes were all 
taken at random from material collected in nature or obtained from 
crosses between such plants. Most of them had a regular meiosis with 
seven pairs at metaphase I. There is a variation between individuals 
with respect to chiasma frequency, but most cells have six ring bivalents 
and one rod bivalent (Fig. 32). Some plants show univalents, non- 
oriented bivalents and delayed anaphase separation in low frequency. 
Later stages in meiosis are, in general, regular. This is in conformity 
with the findings of PETO (1933), RANCKEN (1934) and MYERS and HILL 
(1947). Besides these seventeen plants about thirty plants from the 
collections in 1948—49, most of which had no accessory chromosomes, 
were examined cytologically because of their marked sterility on the 


TABLE 3. Number of plants with respective numbers of accessory 
chromosomes of the standard type studied in meiosis. . 

' 6 7 8 9 10 11 12 18 14 15 16 

Pass 


Number of acc. chr. 0 1 2 3.44 5 
Number of plants 17 18 17 — 65 — —11-142— — 
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male side. Out of these three were translocation heterozygotes, three 
carried an inversion and one was partially asynaptic. The rest of these 
plants showed regular meiosis or only minor irregularities. 


2. PLANTS WITH ACCESSORY CHROMOSOMES. 


A. GENERAL BEHAVIOUR OF ACCESSORY CHROMOSOMES IN MEIOSIS. 


When accessory chromosomes were first encountered it was thought 
that they had arisen through a simple fragmentation of a chromosome 
from the normal complement. As a result of this they were often called 


j 








15 16 17 18 19 


Figs. 15—19. Paired accessory chromosomes of the standard type in meiotic pro- 
phase. — Figs. 15—18, pachytene. — Fig. 19, diplotene. 


fragment chromosomes. In zoological materials the similarity in be- 
haviour between the extra chromosomes and sex chromosomes some- 
times suggests that the accessory chromosomes have originated from 
the latter. 

Through careful studies of meiotic pairing and chromosome mor- 
phology it has, however, been possible, in many botanical as well as 
zoological materials, to prove that the accessory chromosomes have not 
arisen immediately through a simple fragmentation of the ordinary 
chromosomes. It is very probable that they initially originated through 
such a fragmentation, but subsequently they must have undergone a 
number of structural re-arrangements including deletion of euchromatic 
and duplication of heterochromatic segments (WHITE, 1945). This 
opinion is based on the lack of pairing between accessory chromosomes 
and the normal ones and on the results of careful comparisons of their 
morphology at pachytene. Pachytene analyses of accessory chromosomes 
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Figs. 20—22. Paired standard accessory chromosomes at pachytene. — Fig. 20, Pachy- 

tene in a plant with 2n=14+2 st. acc. (1650). — Figs. 21—22, Paired st. acc., arrow 

indicates probable position of the centromere (2500). — Fig. 23, Diakinesis in a 

plant with 2n=14-+10 st: acc. (1550 ). — Fig. 24, Positive heteropycnosis of‘acc. chr. 

at diplotene-diakinesis in meiosis, 2n=14+2 st. acc. (3000). — Figs. 25—26, Meta- 
phase I in plants with 2n=14+2 st. acc. (1550). 
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have been made in maize (MCCLINTOCK, 1933) and in rye (LIMA-DE-F ARIA, 
1948, 1952; MUNTZING and LIMA-DE-FARIA, 1949). In many plant mat- 
erials the accessory chromosomes are heterochromatic at meiotic pro- 
phase. This is the case in maize (MCCLINTOCK, 1933), Sorghum 
(DARLINGTON and THOmas, 1941), Poa alpina (MUNTZING, 1948) and to 
some extent also in rye (LIMA-DE-FARIA, 1952). The accessory chromo- 
somes of Festuca pratensis fall into this group. In sectioned material 
stained with crystal violet the prophase accessory chromosomes generally 
retain the stain better than do the normal chromosomes (Fig. 24); in 
aceto-carmine squashes this has been found to be due to the presence of 
large heterochromatic segments (Figs. 15—19, 20—22). Although I have 
not made a complete analysis of the normal chromosome complement 
at the pachytene stage, I consider it unlikely that any of the normal 
chromosomes have heterochromatic segments as large as those of the 
accessory chromosomes. At diplotene and diakinesis the accessories often 
have a smoother outline and look more compact than do the normal 
chromosomes (Fig. 23). 

The accessory chromosomes in Festuca pratensis resemble other 
accessories in not pairing with chromosomes of the normal complement. 
Sometimes one can see a connection between accessory and normal 
chromosomes [this has been reported in the present species by RANCKEN 
(1934)], but this occasionally happens also between normal chromo- 
somes and is not due to real pairing; the slightly higher frequency for 
the accessory chromosomes is probably caused by their more sticky pro- 
perties. Similar observations have been made on the accessory chromo- 
somes in Anthoxanthum (OSTERGREN, 1947) and Poa alpina (MUNTZING, 
1948 c), among other materials. 

Some remarks on accessory chromosome origin have already been 
made in this section. Before going on to the next topic, I should like to 
point out that nothing definite can as yet be said about the origin of the 
accessories in Festuca pratensis, except that it is very unlikely that they 
arise through a simple fragmentation of a normal chromosome. Besides 
the pairing behaviour and the morphology, some other facts strengthen 
this conclusion. All the accessory chromosomes of standard size, which 
are of overwhelming majority in my material, have, as far as one can 
see, the same morphology at mitosis whether they are studied in plants 
from Sweden, Denmark, Holland, England, Germany or Italy. This 
speaks in favour of the idea, brought out by OSTERGREN (1947) among 
others, that the accessory chromosomes are of very old, common origin. 
If, on the other hand, there is a new-production going on, this must be 
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highly specialized. In rye (MUNTZING, 1950) accessory chromosomes 
from Turkey have a pachytene structure only slightly different from 
that found in Swedish rye. 


B. MEIOSIS IN PLANTS WITH ONE STANDARD ACCESSORY CHROMOSOME. 


At pachytene in these plants the two arms of the accessory chro- 
mosome often seem to be paired, just as the univalent B-chromosome in 
maize (MCCLINTOCK, 1933). That this does not mean that the accessory 
chromosome is of the iso-chromosome type, but the result of its hetero- 
chromatic nature, is seen from the studies of paired accessories at 
pachytene (Figs. 15—18, 20—22). At diplotene, and especially dia- 
kinesis, the univalent accessory chromosome appears as a more or less 
irregular dot. 

The position of the univalent accessory chromosome at metaphase I 
and anaphase I has been carefully studied in a fairly large number of 
plants (Table 4). 

As seen from the table, the univalent has a striking ability to orient 
itself on the plate at metaphase I. At present, material is not available 
for a strict comparison between accessories and univalents from the 
normal complement in this respect. Counts in a partially asynaptic 
plant without accessory chromosomes gave a significantly lower figure 
for these univalents with respect to metaphase orientation, but, as 
pointed out by OSTERGREN and VIGFUSSON (1953), the number of uni- 
valents present in a cell seems to affect their position, and thus it should 


TABLE 4. Position of the univalent accessory chromosome at meta- 
phase I and mid-anaphase I in plants with 2n=14-+1 st. acc. 





Metaphase I Mid-anaphase I 
Plant % outside % on the Number % atone of % between Number 
No. the plate plate of cells the poles poles of cells 

84 54 46 247 40 60 30 
94 40 60 78 38 62 13 
102 56 Ad 398 25 75 110 
129 37 63 271 32 68 31 
131 35 65 479 32 68 207 
152 34 66 169 17 83 18 
163 29 71 329 22 78 104 
164 35 65 215 — — _ 
173 39 61 258 39 61 67 
297 26 74 173 22 78 . 40 
366 26 74 65 11 89 46 
39 666 
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be necessary to have trisomic, triploid or asynaptic plants with accessory 
chromosomes for a strict comparison. As will be pointed out later, 
generally 60% of the univalents, irrespective of their total number, 
orient themselves on the plate. This speaks against such a stipulated 
effect of increasing number of univalents on their orientation, at least 
in so far as accessory chromosomes in Festuca pratensis are concerned. 
It is also obvious from the table that there is a marked variation between 
plants with respect to metaphase orientation. The figures for accessory 
chromosomes between poles at mid-anaphase are a little higher than 
corresponding figures at metaphase. This indicates that in some of the 
metaphase plates, the accessory chromosome in fact had not completed 
its orientation. Though care was taken to score only full metaphase, 
pro-metaphase stages may, in spite of the large number of cells scored, 
be the cause of the large discrepancy between the figures for metaphase I 
and anaphase I in plants 84 and 102. 

Univalent accessory chromosomes left between the poles regularly 
divide at late anaphase. The elimination of accessories at this stage is, 
judged from the frequency of micronuclei at telophase I, very low. 
Dividing univalent accessories at late anaphase I, however, show a more 
or less marked negative heteropycnosis compared to the normal chro- 
mosomes. Thus it might be possible that some divided accessories are 
resorbed in the plasm before reaching the telophase nucleus, without 
forming a micronucleus. 

At metaphase II the accessory chromosomes, whether divided or 
not, frequently orient themselves on the plate. This results in a fairly 
high frequency of lagging accessories at second anaphase. That most of 
these have divided at first anaphase is obvious from the fact that very 
often both daughter cells show laggards. As in the earlier stages there is 
a variation between individuals with respect to frequency of lagging at 
this stage (Table 5). 


TABLE 5. Lagging accessory chromosomes at anaphase II in plants 
with 2n=14-+1 st. acc. 


Number of cells Per cent Total 
Plant without with cells with 
No. lagging lagging lagging — 
ace. chr. ace. chr. ace. chr. 
102 25 32 56 57 
131 56 41 ¢ 42 97 
163 86 38 31 124 
239 41 65 61 106 


7°=24,699 P< 0,001 
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From the high numbers of already divided univalents at anaphase II 
one should expect a fairly high elimination and frequency of micro- 
nuclei in the tetrads, but this is not the case. In hundreds of tetrads 
from different plants in general only a low per cent show micronuclei. 
The laggards thus have a good ability to move to one of the poles and 
get included in the nucleus. This has been verified by studying various 
stages at anaphase II; the frequency of laggards observed steadily de- 
creases towards telophase II. OSTERGREN (1947) similarly found that 
univalents lagging at anaphase I, although they did not divide, in general 
were included in one of the nuclei. 

The univalent accessory chromosome in Festuca pratensis com- 
bines in it properties from accessory chromosomes in several other 
materials, but also has some characteristics of its own. It has a variable 
but generally strong tendency to orient itself on the metaphase plate in 
metaphase I. Like the accessories in Zea mays, Secale cereale and 
Phleum phleoides (BOCHER, 1950), but in contradiction to Anthoxanthum 
aristatum and Poa alpina, lagging univalents divide at anaphase I. 
OSTERGREN suggested that lack of division at first anaphase is one 
reason for a scarcity of micronuclei at the tetrad stage in Anthoxanthum. 
The present material shows that division of univalent accessories at 
first anaphase does not necessarily mean a high degree of elimination 
at later stages. The accessory chromosomes in Festuca resemble the F- 
chromosomes in Trillium (SPARROW, POND and SPARROW, 1952) in 
showing great variability in behaviour between different individuals. 
There are also the aforementioned indications that the accessories in 
Festuca are negatively heteropycnotic at late anaphase in both divisions. 


C. PLANTS WITH TWO STANDARD ACCESSORY CHROMOSOMES. 


Where it has been possible to study the accessories in pachytene 
they have always been paired, forming a bivalent of characteristic shape 
(Figs. 15—18, 20—22). The centromere is situated somewhere between 
the two largest central heterochromatic segments. In the general de- 
scription of the accessory chromosomes at meiosis I have already re- 
ferred to their differential stainability and heterochromaty. Not enough 
plants have been analysed at this stage to ascertain whether or not 
accessories from different populations have always the same pachytene 
morphology, but the general picture has been the same in more than ten 
plants of different origin. At diplotene it is generally only possible to 
see one large heterochromatic segment on each side of the centromere 
(Fig. 19). Also at this stage the accessories are nearly always paired, 
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while at diakinesis univalents are a little more common. At metaphase I, 
finally, there is a rather high variation between plants with respect to 
pairing, and also to some degree between anthers from the same plant. 
Counts at diakinesis in ten plants gave a mean value for per cent cells 
with paired accessory chromosomes of 94,5 with a variation between 
84—100, while the figure for fourteen plants at metaphase was 72,0 
with a variation from 47—-93. The difference between the values at 
diakinesis and metaphase is probably due to lack of chiasma formation 
in some of the associations seen in the earlier stages. As the accessory 
chromosomes are heterochromatic it is possible that many of the meta- 
phase associations also lack chiasmata and merely stick together. — 

Since univalent accessories left between the poles divide at ana- 
phase I, the amount of pairing at metaphase I affects the number of 
lagging accessories at anaphase II and also to some extent the number 
of tetrads with micronuclei. This is seen in Table 6. 





TABLE 6. Meiosis in four plants with 2n=14-+ 2 st. acc. 
(Figures calculated per 100 microsporocytes.) 


Univalent 
Plant Paired aiécahie. Acc. chr. Tetrads 
No. acc. chr. lagging lagging with micro- 

at MI at AI atA II nuclei 
K1/50 : 16 72 22 13 3 
K13/50 : 7 69 20 10 6 
K13/50 : 30 57 51 25 aa 
K65/50 : 2 47 47 33 24 


The position of univalent accessory chromosomes at metaphase I 
in these plants has been studied, and here, as in plants with only one 
accessory chromosome, about 60 per cent are oriented on the plate. In 
general very few accessories are eliminated at late anaphase I and telo- 
phase I, and in the second division most accessories are included in the 
nuclei. Micronuclei in tetrads seldom appear in higher frequencies than 
10 per cent. Tetrad micronuclei caused by accessory chromosomes are, 
however, often more difficult to detect than those from normal chro- 
mosomes, and thus may have been overlooked in some cases. 


D. MEIOSIS IN PLANTS WITH HIGHER NUMBERS OF STANDARD 
ACCESSORY CHROMOSOMES. 
In plants with higher numbers of accessory. chromosomes the 
pachytene stage is difficult to study, because the accessories generally 
Hereditas XL. 24 
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TABLE 7. Pairing behaviour at diakinesis and metaphase I in plants 
with 2n=14+4 St. acc. 


Number of cells with respective Total 
Plant . 

No. Stage configurations number 
Ijy In a 1, 21 1y + 2) 4; of cells 

K1/50: 4 Diakinesis 4 2 24 2 — 32 

K11/50 : 22 > 9 10 24 7 — 50 

K1/50: 4 MetaphaseI — oa 15 37 31 83 

K11/50 : 22 » > — _ 10 18 7 35 


all clump together. It is thus not yet known whether real multivalents 
are formed at this stage. 

In plants with four accessory chromosomes a comparison between 
pairing at diakinesis and metaphase I has been made. An example is 
given in Table 7. 

As is seen from the table, higher configurations than bivalents and 
few univalents occur at diakinesis in these plants, while at metaphase 
no multivalents but rather many univalents are present. This is in line 
with what has been said earlier about the sticky properties of the ac- 
cessory chromosomes and probable lack of chiasma formation in some 
of the associations. This stickiness in general increases with increasing 
number of accessories, and in plants with still higher numbers multi- 
valents are found also at metaphase I. The metaphase pairing in plants 
with four accessory chromosomes is highly variable, and counts in four 
plants gave the figures 13,5; 40,0; 59,6 and 68,5 for per cent univalent 
accessories, with a mean value of 45,4. With respect to the other stages 
the accessory chromosomes behave in the same way as in plants with 
one and two. 

In plants with 7, 8 and 9 accessory chromosomes metaphase I, 
anaphase I and II and tetrads were analysed. In metaphase I higher 
configurations than bivalents were seen in the plants with 8 and 9 
accessories, but in spite of this, the number of univalents was high, 
amounting to about 60 per cent of all accessories; of these 60—65 % 
were oriented on the metaphase plate. At anaphase I in the plant with 
eight accessory chromosomes univalent accessories had difficulties in 
dividing and remained undivided until very late anaphase. When they 
finally started to separate they formed one or more bridges, which broke 
fairly late when the accessories were not far from the poles (Fig. 42). 
The same tendency has also been seen in plants with lower numbers of 
accessory chromosomes, but it is more frequent in plants with many 
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Figs. 27—31. Meiosis in plants with a fairly high number of accessory chromosomes 

of the standard type. — Fig. 27, Lagging univalent acc. chr. at anaphase I. — Figs. 

28—29, Dividing univalent acc. chr. at late anaphase I and telophase I. — Figs. 

30—31, Formation of restitution nuclei after anaphase I due to a high number of 
univalent acc. chr. unable to divide properly. (1550x). 
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Figs. 32—43. Meiosis in plants with high numbers of accessory chromosomes of the 
standard type. — Fig. 32, Bivalents from the normal complement at metaphase I, 
separately drawn. — Figs. 33—36, Different configurations of acc. chr. at metaphase I; 
univalents, bivalents, trivalents and a tetravalent. — Fig. 37, Diakinesis in a plant 
with 2n=14+14 st. acc. — Fig. 38, Another cell from the same plant, all acc. chr. 
stick together. — Fig. 39, Metaphase I in a plant with 2n=14+11 st. acc. — Fig. 40, 
Anaphase I in a plant with 2n=14+14 st. acc. — Fig. 41, Late anaphase I in the plant 
with 2n=14+16 st. acc. mentioned in the text. Univalent acc. chr. have divided with- 
out difficulties. — Fig. 42, Same stage in the plant with 2n=14+15 st. acc. Dividing 
acc. chr. have a tendency to form bridges. — Fig. 43, Anaphase II in the plant with 
2n=14-+16 st. acc. 
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accessories; there it also leads to the more severe disturbances to be 
described later on. Although the number of lagging accessories at early 
anaphase II in these plants was rather high, most of them reached the 
poles in late anaphase II and telophase II and, thus, the number of 
micronuclei in the tetrads was quite low. 

Four plants with 2n=14+10 acc. were carefully analysed in most 
stages, and will be treated here in more detail. At diakinesis the ac- 
cessories in these plants often formed associations of 5—6—7 chromo- 
somes, and sometimes all the accessories were united to one irregular 
lump (Fig. 38). The configurations at metaphase I are seen in Table 8. 


TABLE 8. Configurations of accessory chromosomes at metaphase I in 
plants with 2n=14-+ 10 st. acc, 


Number of cells with respective configurations 





= ee oe oe 
+ + vf or = rt + + + CS Eo Total 
Plant No. an 5 ae ao ae FF. + oe + = number 
- : = a ea = + . te Ff: FF FF of cells 
K11/48/8 : 21 —-—-—_- —Y~«a2 «127 «8 «1 «2 «+30 31 «11 ~«4 121 
K12/48/6:59 .— 1—-— 1 1— 6 1.8 22 .17 19— 1 72 
K14/48/8 : 18 111———— 8 71 18 23 2011 1 87 
1102 :9 —-—- — 2— — 6 8 38 27 57 4211 2 — 158 
Total: 1B Oe 2 oe De: BSS 0 Se PCE 132: St. eG 438 


The percentage of univalents is here 32 (1386 out of 4380). Of these 
about 60 per cent were oriented on the plate. In early anaphase I from 
0—8 accessories lagged between the poles with a mean value of 3,4. In 
late anaphase I—telophase I, from 0—5 were still seen in division. In 
late telophase I, however, accessories outside the nuclei were only sel- 
dom seen. At metaphase II non-oriented accessory chromosomes occur 
in different numbers in different plants, in one ranging from 0—5 with 
a mean value of 0,89, in another from 0—6 with a mean value of 2,00. 
In early anaphase II 2—3—4 accessory chromosomes are lagging be- 
tween the poles, but most of them are included in the nuclei, and at late 
anaphase I]—telophase II only 25—30 per cent of the cells show lagging 
accessory chromosomes. The number of tetrads with observable micro- 
nuclei was surprisingly low, being about .10 per cent. None of the four 
plants with ten accessories showed the earlier mentioned difficulties of 
separation of univalents at anaphase I. 

Such anaphase I separation difficulties of univalents were found in 
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TABLE 9. Late anaphase I—telophase I in a plant with 
2n=14+11 st. acc. 


Number of cells with respective number Cells with 
of dividing univalent acc. chr. bridges probably Restit. Number 
between the poles leading to restit. nuclei of cells 
eo “4-2 3:°4.5 6:7 8 9 nuclei 


18 36 12 755 23 8 — 1 6 18 288 


a plant with 2n=14+11 acc. Here the dividing univalents sometimes 
form so many bridges that a separation of the two daughter nuclei is 
not possible and a restitution nucleus is formed (Figs. 30—31). The 
result of an analysis of 288 late anaphase-telophase nuclei illustrates 
this point (Table 9). 

The restitution nuclei, which have the unreduced number of chro- 
mosomes, enter a second metaphase and anaphase and give rise to 
dyads. The frequency of dyads calculated from the data above should 
be less than 10 per cent, but scored at the tetrad stage the dyads amount 
to 17 per cent, and the percentage of diploid pollen thus about 9. 

In a plant with fourteen accessory chromosomes the number of 
dividing univalents at anaphase I in 54 cells varied between 1—9 with 
a mean of 5,6. This led to a high number of restitution nuclei, not only 
in anaphase I but sometimes also at anaphase II, resulting in monads 
and triads (Table 10). Some tetraploid pollen mother cells- indicating 
pre-meiotic restitution nuclei were also seen. 

In this plant some of the normal bivalents had difficulties in 
separating at first anaphase; 12 out of 54 cells showed delayed separa- 
tion of one or two bivalents. Whether this has anything to do with the 
presence of a high number of accessory chromosomes is not known. 

Finally, one plant with fifteen and one with sixteen acessory chro- 
mosomes have been analysed. The plant with fifteen accessories had a 
high frequency of apparent multivalents at metaphase I, indicating 
sticky accessories, and at anaphase I bridges were often formed between 
dividing univalents with restitution nuclei as a result. The number of 
dividing accessory chromosomes in early anaphase I varied between 
2—9 (mean=4,6), and at late anaphase I—telophase I 89 out of 252 cells 


TABLE 10. Analysis of the tetrad stage in plant 1014: 37 with 
2n= 14+ 14 st. acc. 


Total 


Tetrads Triads Dyads Monads 
number 


180 5 84 2 271 
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Figs. 4447. Later stages in meiosis in the plants with fifteen and sixteen acc. chr. — 

Fig. 44, Metaphase II in cells with reduced and unreduced number of chromosomes. 

The plant with 2n=14+15 st. acc. — Fig. 45, Tetrads with micronuclei in the plant 

with 2n=14+16 st. acc. — Figs. 46—47, Different stages in the formation of dyads 
and diploid pollen grains. The plant with 2n=14-+15 st. acc. 


showed restitution nuclei. The frequency of dyads and triads is seen in 
Table 11. In this plant a remarkably low number of the tetrads and 
dyads had micronuclei. 

In the plant with sixteen accessory chromosomes one never saw 
any bridges at late anaphase I or telophase I although it had a high 
number of dividing univalents at anaphase (5,6 in 105 cells with a 
variation from 1—9). The accessory chromosomes were generally all 
included in the nuclei at the latter stage. At late anaphase II, however, 
accessory chromosomes outside the nuclei were quite often seen, and 
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TABLE 11. Analysis of the tetrad stage in the plants with 
2n=14+-15 st. acc. and 2n=14-+ 16 st. acc. 


Number of Tetrads Triads Dyads Total 
ace. chr. - . number 
15 129 3 89 221 
16 250 -- —_ 250 


the plant had a fairly high frequency of micronuclei at the tetrad stage. 
Thus, out of 107 tetrads 46 had 1—4 micronuclei. Dyads were not seen 
in this plant although looked for in a very great number of cells. This 
is very interesting, because the plant with 15 accessory chromosomes 
and this plant were half sister plants, having the same maternal parent, 
and were grown nearly side by side in the field. The striking difference 
is best illustrated in Table 11. 

The difficulty of the univalents in dividing at anaphase I is thus 
probably not caused by differences in the accessory chromosomes; the 
two plants having to a degree accessories from the same mother plant, 
nor in different environmental conditions; the plants growing only a 
few meters from each other in the field. It is more likely that the 
physiology of the host plant determines the behaviour of the accessories. 
This may serve as an explanation for most of the variation between 
plants in different respects. This, of course, does not exclude the 
possibility that environmental conditions can also affect the cytological 
behaviour of the accessories, or that the accessories can at least to some 
degree have inherent differences leading to differences in their be- 
haviour. 


Vv. POLLEN MITOSIS. 


A similar type of directed non-disjunction of the accessory chro- 
mosomes in the pollen grain previously described in Sorghum (DaR- 
LINGTON and THOMAS, 1941), rye (MUNTZING, 1946a), Anthoxanthum 
(OSTERGREN, 1947), and maize (ROMAN, 1947, 1948, 1950) has been 
found to be at work in Festuca as well (BOSEMARK, 1950). In Sorghum 
the non-disjunction takes place in supernumerary divisions of the vege- 
tative nucleus caused by the accessory chromosomes. In rye, Anthox- 
anthum and Festuca the accessories undergo non-disjunction at the first 
pollen mitosis, whereas in maize the non-disjunction takes place in the 
second division and is combined with directed fertilization. 

The mechanism in Festuca pratensis is easily studied cytologically 
in plants with a low number of accessory chromosomes. At the first 
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Figs. 48—51. The first pollen mitosis in plants with accessory chromosomes of the 

standard type. — Figs. 48—49, First anaphase in a plant with seven acc. chr. showing 

non-disjunction of the accessories. — Figs. 50—51, Disturbances caused by a high 

number of acc. chr. — Fig. 50, Anaphase, the chromosomes stick together and form 
bridges. — Fig. 51, Interphase with bridge formation (1500x). 


pollen mitosis in these plants the accessories lag between the separating 
anaphase groups. In side view they have a characteristic appearance, 
similar to small bivalents (Figs. 48—49, 54). The centromere divides 
quite normally and pulls the chromatids apart, but these generally do 
not separate as they are held together near the ends. Sometimes it ap- 
pears as though the attachment points could not resist the pull from the 
centromere and the chromatids fall apart. In most cases, however, both 
of the chromatids are included in the nucleus situated close to the pollen 
grain wall, the generative nucleus. In plants with up to four accessory 
chromosomes the first pollen mitosis in other respects seems quite 
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normal. The delay in the first pollen mitosis caused by accessory chro- 
mosomes described in maize (DARLINGTON and UpcoTT, 1941), rye 
(MUNTZING, 1946 a) and Anthoranthum (OsTERGREN, 1947) has not been 
subjected to a careful analysis in this material, but my observations 
indicate a similar situation in Festuca. With increasing numbers of 
accessories the number of pollen mitoses with sticky chromosomes, 
accessory as well as normal ones, increases correspondingly. This leads 
to a frequent clumping of the chromosomes at metaphase and to bridges 
at anaphase (Figs. 50—51). The frequency of bridges at late anaphase 


10. 10 








54 


Figs. 52—53. The -heterochromatic nature of the acc.chr. in the pollen grain. — 

Fig. 52, At the uninucleate stage. — Fig. 53, At the binucleate stage. — Fig. 54, 

Drawing of the first anaphase in the pollen grain im a plant with seven acc. chr. Here 

it can be seen that the daughter chromosomes are held together close to the ends of 
the arms. 


in 36 plants with varying numbers of accessories has been scored in 
1951 and 1953 (Fig. 55). 

From the diagram it can be seen. that in plants with more than 
eight accessory chromosomes generally 50 per cent and more of all 
anaphases are disturbed. It is highly probable that the described phen- 
omenon, together with formation of diploid and abnormal pollen grains, 
accounts for at least a part of the reduced pollen fertility found in plants 
with high numbers of accessory chromosomes (BOSEMARK, unpublished) 
and thus helps to limit-the numerical increase of acccessory chromo- 
somes in a population. In rye, where non-disjunction of accessory chro- 
mosomes takes place on both the male and female side, HAKANSSON 
(1948) found that in plants with higher numbers of accessory chromo- 
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somes the first mitosis in pollen grains as well as embryo-sacs were 
frequently abnormal. Here the primary cause of the disturbances ob- 
served seems to be an inactivation of the spindle mechanism, whereas 
in Festuca it looks more like general stickiness. Owing to the relationship 
between heterochromatin and sticky properties the abnormalities ob- 
served in Festuca may be caused simply by the excess of heterochromatin, 
especially as the heterochromatic nature of the accessories is clearly 
manifested also in the pollen grains. Fig. 52 thus shows a uninuclear 
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Fig. 55. The relation between number of accessory chromosomes present in a plant 
and number of disturbed 1. pollen mitoses. 


pollen grain from a plant with seven accessories, Fig. 53 the binucleate 
stage in the same plant. In both cases the accessory chromosomes are 
easily distinguishable; in the binucleate pollen grain only in the gene- 
rative nucleus. Only seldom do the accessory chromosomes form real 
micronuclei after the first pollen mitosis. The proportion of non-dis- 
junctions can be calculated from the results of crosses where a mother 
plant lacking accessory chromosomes has been crossed with a plant 
having one or two of these chromosomes. In such crosses it has been 
shown that the frequency of non-disjunction varies highly between 
different plants. A full description of this will be given in a paper on the 
inheritance of accessory chromosomes in Festuca. 

With respect to the small accessory chromosomes present in some 
plants, some undergo non-disjunction, others obviously have lost this 
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ability. It has not yet been possible to study these types at pachytene 
and to determine what part of the standard type they lack, and in this 
way get information on whether a special segment is responsible for the 
non-disjunction or not. Two of the large accessory chromosomes, which 
probably have a common origin, show a behaviour identical to the 
standard type at anaphase. In both of the cases standard accessory 
chromosomes were present together with the large ones, and a strict 
comparison could therefore be made. Also the large accessory chromo- 
some appears to be heterochromatic at prophase and resting nuclei in 
the pollen grain. 

The process of non-disjunction of accessory chromosomes has been 
discussed thoroughly in the papers of DARLINGTON and THOMAS (1941), 
MUNTZING (1946), MUNTZING and LIMA-DE-FARIA (1952), OSTERGREN 
(1947), HAKANSSON (1948), and ROMAN (1947, 1948, 1950). DARLINGTON 
and THOMAS think that weakness of the centromere is the cause of the 
directed non-disjunction of the accessory chromosomes at the super- 
numerary divisions of the vegetative nucleus in Sorghum. OSTERGREN 
and MUNTZING (in his earlier paper) discuss the possibility of differ- 
entiated segments located at the points of attachment. OSTERGREN also 
mentions the possibility of a position effect due to the situation of these 
segments with respect to centromere and chromosome ends. In a later 
paper MUNTZING and LIMA-DE-FaRIA (1952) have shown that a deficient 
accessory chromosome in rye, still in possession of both of the seg- 
ments of attachment in the standard fragment, has entirely lost its 
capacity for non-disjunction. The lost part has a characteristic hetero- 
chromatic knob formation, and the authors suggest that this may have 
something to do with the non-disjunction mechanism. ROMAN (1947), 
studying translocations between 5-chromosomes and normal ones in 
maize, demonstrated the existence of non-disjunction at the second 
division in the pollen grain. From different translocations involving 
smaller and larger parts of the B-chromosome he then arrived at the 
conclusion that the centromere was responsible for the non-disjunction. 
In a later report (ROMAN, 1950), however, he presents some evidence 
that the heterochromatic segment of the B-chromosome is also of im- 
portance for this process.. Although the accessory chromosomes in the 
materials now presented are all heterochromatic (less markedly so in 
rye), it is not necessarily their heterochromatic nature alone which is 
the cause of non-disjunction. Thus, FERNANDES (1948) found’ that a 
heterochromatic supernumerary chromosome in Narcissus Bulbocodium 
divided quite normally at the first pollen mitosis. It therefore seems as 
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if the most probable explanation is that a specialized segment, hetero- 
chromatic or not, together with a modified centromere region under the 
special environmental conditions existing in the pollen grain at the time 
of the first division, is responsible for non-disjunction. Recently, LIMA- 
DE-FARIA (1953) studying the regions of special division cycle of Aga- 
panthus chromosomes, has found that the region of the chromosome 
that holds together the two sister chromatids from early pro-meta- 
phase II until anaphase II is not the kinetochore but the proximal 
regions of the arms. This makes it possible to assume this phenomenon 
and the non-disjunction of accessory chromosomes as related. 

The asymmetry of the spindle at the first pollen mitosis is a well- 
known phenomenon in many genera, including the grasses (GEITLER, 
1935; SAX and HusTED, 1936; OsTERGREN, 1947). OSTERGREN points out 
that this must have a strong bearing on the directed non-disjunction 
where accessory chromosomes are included in the generative nucleus. 
The observations in the present material are entirely in agreement with 
this theory. 


SUMMARY. 


(1) The cytology of accessory chromosomes in Festuca pratensis 
Hups. was studied. 

(2) The material consisted of plants collected in natural popula- 
tions in Sweden or obtained by crossing such plants. 

(3) The size of the standard accessory chromosome is about */, of 
the mean for the normal chromosomes. 

(4) Derivatives of this standard type were found in low frequencies, 
especially in crosses, and were designated small and very small ac- 
cessory chromosomes. Still another type, about double the size of the 
standard accessory chromosome, the origin of which is not yet under- 
stood, was called large accessory chromosome. 

(5) The accessory chromosomes in Festuca pratensis are highly 
heterochromatic in resting nuclei and prophase in mitosis and at pro- 
phase in meiosis. 

(6) The position of the standard accessory chromosome iin somatic 
metaphase plates is more central than that of the normal chromosomes. 

(7) The number of at least the standard acccessory chromosome is 
highly constant in different parts of the plant. 

(8) No pairing between accessory chromosomes and normal ones 
occurs at meiosis. 
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(9) At pachytene the accessory chromosomes form bivalents of a 


characteristic shape. 
(10) The pairing of the accessories at later stages depends on the 
number present, but varies also between plants with the same number 


of accessory chromosomes. 

(11) Univalent accessory chromosomes divide at anaphase I; in 
some plants with high numbers of accessories, difficulties in the separa- 
tion of dividing univalents at this stage lead to the formation of restitu- 


tion nuclei. 
(12) The meiotic elimination of accessory chromosomes is sur- 
prisingly low even if a high number of univalents dividing at anaphase I 


are present. 
(13) The accessories have the ability to undergo directed non-dis- 


junction at the first pollen mitosis. 
(14) With increasing numbers of accessory chromosomes an in- 
creasing number of the first divisions in the pollen grains are disturbed. 
(15) There are indications that differences in the internal environ- 
ment provided for the accessory chromosomes by their host plants are 
to a high degree responsible for the fairly big variation in behaviour of 
* the accessories at meiosis and pollen mitosis. 
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INVESTIGATIONS ON NORTH AMERICAN 
CALAMAGROSTIS. I 


BY AXEL NYGREN 


ROYAL AGRICULTURAL COLLEGE OF SWEDEN, UPPSALA 





3 the summer of 1951 the writer had an opportunity to 
collect most of the Calamagrostis species native to western United 
States during a stay at the Carnegie Institution of Washington at Stan- 
ford. Material of other species of this genus, growing in the central or 
eastern part of the country, generously have been sent to me by several 
scientists and, therefore, most species growing in North America can be 
included in the first study from this part of the world. 

The species are taken up in alphabetical order, leaving the group- 
ing of species belonging together to the discussion. 

Calamagrostis bolanderi THURB. — This species is endemic to some 
of the northwestern counties in California, where it has been found 
in three localities, close to the Pacific. My material originates from 
Cunningham, close to Sevastopol, Sonoma Co., which is the southern- 
most locality known. The species is octoploid with 2n=56 and has a 
regular meiosis on the male as well as on the female side (Figs. 1—9). 
Mainly bivalents have been observed on the male side, in 564 studied 
first metaphase plates 549 had only bivalents while four Pmc’s showed 
one quadrivalent each and eleven Pmc’s formed one trivalent and one 
univalent. The chiasma frequency is low, mostly rods with more or less 
terminalized chiasmata occur. At anaphase as well as telophase of the 
first division the distribution of chromosomes is regular, 28—28. This 
distribution has been found in 29 analysed anaphases and in three telo- 
phases as well, while on the other hand no aneuploid chromosome 
numbers have been counted. The species is sexual and forms seeds in a 
normal way. 

Calamagrostis breweri THURB. — C. breweri belongs to the high 
mountain grasses of Sierra Nevada and the Cascades. It forms two chro- 
mosomal races with 2n=28 and 2n=42, respectively, which seem to be 
geographically separated, by a distribution limit going some miles south 
of Lake Tahoe. The tetraploid chromosome race has the southern and 
the hexaploid race the northern distribution area (cf. map, Fig. 94). 
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1—9, C. bolanderi. 1, diakinesis, 28 II; 2, diakinesis, IJ[+26II+I; 3—4, MI, side 
view; 5, MI, 2811; 6, MI, 261I+IV; 7, different types of III’s; 8, different types of 
IV’s; 9, the female side, MI with 28. II. — 10—-19, C. breweri, tetraploid. 10, dia- 
kinesis, 14 II; 11, MI, side view, 1411; 12, MI, polar view, 14 II; 13, MII, the dis- 
tribution 14—14; 14—19, plant with accessory chromosomes. 14—15, MI; 16, pro- 
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The races are morphologically separable by the shape of the upper- 
most leaf of the straw, ecologically they are easily kept apart by the 
tetraploid being a grass of the high mountains growing at 10.000 feet 
and higher elevation, whereas the hexaploid grows in woods at a con- 
siderably lower elevation (6.000—7.000 feet). The tender tetraploid was 
supposed to be a diploid type before it was chromosome counted, only 
tetraploids have been found, however, in more than one hundred deter- 
mined plants. The tetraploids originate from three localities in central 
Sierra Nevada: 


Mt. Dana, close to Yosemite National Park, 12.000 feet, 
MN oe bik Wn nb 4b 0 oc 6 6d eae ws a ahd ee 2n=28 
Tenaya Lake, close to Tioga Pass, 9.000 feet, Toulumne Co... 2n=28 
Timberline experimental station, Hall natural area, 10.000 
PU ROME NGO, eo oes bn a ts aie FR he see TOR sc eis 2n=28 


Meiosis has been studied in the two populations from Mt. Dana 
and Timberline (Figs. 10—19). The population from Timberline (Figs. 
10—13) was very regular with 14 bivalents in every Pmc. The chiasma 
frequency has been calculated in 54 analysed cells, the mean was 
1,156 + 0,013 chiasmata per bivalent. The Mt. Dana population consisted 
of two types of plants, normal plants and such with B-chromosomes. 
The normal plants had a very regular meiosis, in 50 second metaphase 
plates studied the distribution 14—14 was the only one occurring. The 
B-chromosomes are smaller than the normal chromosomes and may 
pair and form a bivalent (Fig. 14) as well as be unpaired at first meta- 
phase. In six studied Pmc’s with M I four had the distribution one-one, 
while two showed the distribution two-zero. At second metaphase the 
distribution one-one was found in 17 cases, two-zero in eleven and 
three-one in one case. Meiosis with 14 bivalents at MI has been found 
in four Emc’s of the type without B-chromosomes, no Emc’s have been 
analysed in the plants with B-chromosomes, however, and therefore we 
do not know if the number of B’s will increase in later generations. 

Hexaploid C. breweri has been studied in a population from Woods 
Lake, Alpine Co., located about 7.000 feet above sea-level. Fifty Pmce’s 
have been studied and 21 bivalents have been found to be the most 





metaphase; 17, T II; 18—19, M II. — 20—25, C. breweri, hexaploid. 20, prometaphase, 

21 11; 21, MI, 111+191I+1; 22—23, I1I+19I1+I1; 24—25, pollen mitosis, 21 chromo- 

somes. — 26—28, C. densa. 26, MI, 14 II; 27, prometaphase, 14 II; 28, MI, 14H], polar 

view. — 29—33, C. foliosa. 29, MI, polar view, 14II; 30, MI, 1411; 31, IV+13 1]; 

32, AI; 33, M II. — 34—37, C. howellii. 34, diakinesis, 14 II; 35, MI, polar view, 14 II; 
36, MI, side view, 14 II; 37, prometaphase, 14 IT. 









380 AXEL NYGREN 











38—48, C. koelerioides. 38—39, diakinesis, 15 II (14 A+B); 40; prometaphase, 14 II+ 
+21; 41—42, MI, 141I1+21; 43, MI, 1311+41; 44, prometaphase, 15 II; 45—46, AI, 
lagging chromosomes; 47, M II; 48, MII to the right and AII to the left. — 49—57, 
C. canadensis. 49, MI, polar view, 28 II; 50, just as 49, but side view; 51, AI; 52, 
mitotic division in a Pmc; 53, fragmented anaphase after mitotic division in a Pmc; 
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common configuration (Fig. 20). In three cases, one III, 19 II and one I 
have been observed (Figs. 21—23). A great number of pollen mitoses 
have been analysed, in all cases 21 chromosomes have been counted in 
the cells (Figs. 24—-25). The Emc develops normally into a tetrad, the 
chalazal cell of which develops the ES. Thus, tetraploid as well as hexa- 
ploid C. breweri are sexual species with a way of reproduction which 
is similar to other sexuals of the genus. 

Calamagrostis cainii Hircuc. — This species is endemic to Mount 
LeConte, Smoky Mnts., Tennessee; the author is indebted to Dr. AARON 
SHARP, Knoxville, for living material. C. cainii is a tetraploid with 
2n=28 which forms good pollen and develops an ES according to the 
normal scheme. Although no closer studies have been made as yet of 
meiosis it can be classified as a sexual species. 

Calamagrostis californica KEARNEY. — This »species» which was 
collected for the first time by LEMMON in Sierra Nevada in 1875 and 
later on not has been found again with certainty was discovered by the 
present author close to Tioga Pass in Sierra Nevada at an elevation of 
10.000 feet. It is nothing but a tall polyploid form of C. inexpansa 
(2n=84) with exceptionally big spikelets, and will therefore be taken 
up together with inexpansa later on in this paper. 

Calamagrostis canadensis (MICHX.) BEAUV. — C. canadensis con- 
stitutes the western part of a vast form-circle formed by C. purpurea 
in Europe, C. Langsdorfii in northern Asia and C. canadensis in North 
America. Ecologically canadensis is very closely related to C. purpurea, 
morphologically they generally are easy to hold apart. The material 
studied by the author has mainly been collected by colleagues in the 
United States and in Canada. The chromosome numbers found are the 
following: 


Maine, Mt. Washington, close to the base of the 
ME SD aaa wn. w 6 A n® ane 00014 o0, 2n=42 (10 pl.) 
Maine, Mt. Washington (No. 1609) .............. 2n=42 
New York, Ithaca, swamp S of the airport (No.1605) 2n=45 
New York, Ithaca, ’/, mile N of Butterwith Falls 


Ne ME Sok 9 Whe Scho hin, 2 A ice Mh ae 2n= 42, 56 
Maine, Mt. Washington, firs summit (No. 29) ..... 2n=48, 49, 51 
California, Timberline, Mono Co., 10.000 feet ..... 2n=56, 56, 56 





54, MI in the Emc; 55; diplosporous resting nucleus; 56, mitotic division in the Emc; 

57, a dyad formed after mitotic division. — 58—65, C. inerpansa, 2n=28, 58—A9, 

MI, 1411; 60—63, AI, normal; 64, formation of restitution nuclei during T II; 
65, diakinesis in the Emc. 
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Canada, Montreal Bot. Garden (No. 41) 2n=56 (15 pl.) 
Minnesota, N shore of Lake Superior (No. 5) 2n=62 (10 pl.) 
Maine, Mt. Washington, close to the base of the 

mountain (No. 25) 2n=65, 66 (8 pl.) 
C. canadensis var. robusta 
Canada, Ontario, Thunder Bay (No. 19) 2n=42 (20 pl.) 


The variation in chromosome number of C. canadensis is not so 
great as in C. purpurea (2n=56—91) but on the other hand a lower 
number of populations from nature have been studied in canadensis 
than in purpurea (over 200). 

Cytological studies have been made of meiosis on the male as well 
as on the female side of the material from Timberline, Montreal and 
Minnesota (Figs. 49—57). The strain from Montreal has a regular 
meiosis in the Pmc’s as well as in the Emc’s (Figs. 49—51, 54); in the 
anthers only bivalents are formed (80 Pmc’s tested). The Emc goes 
through a regular meiosis (Fig. 54) and forms a tetrad, the chalazal 
cell of which develops the ES. The type from Minnesota is almost as 
regular as the Montreal canadensis, but now and then shows univalents 
in the male meiosis. Thus, ten out of 110 tested Pmc’s held one uni- 
valent per cell. All these ten Pmc’s also had one trivalent. The formation 
of polyvalents is low, except the trivalents mentioned only one single 
quadrivalent has been observed in the Pmc’s studied. The first ana- 
phase is just as regular as MI, only two Pmc’s out of 25 held lagging 
chromosomes and in 70 first telophase cells studied not a single uni- 
valent has been found. The Minnesota type is diplosporous, although it 
is able to form meiosis on the female side. The Timberline type is of 
particular interest because of the fact that it has only mitotic division 
on the male as well as on the female side. In the loculi the Pmc’s rest 
for a long time before they begin to divide, when the division starts the 
chromosomes are unpaired, long and slender and undoubtedly are of 
mitotic type (Figs. 52—53). In this respect the Timberline canadensis 
behaves just as a particular type of C. purpurea earlier described 
(NYGREN, 1946, pp. 159—161). In the purpurea case transitional forms 
between chromosomes of a more contracted, meiotic-like appearance 
and such of a slender mitotic shape occurred. In canadensis, on the 
contrary, only true mitotic chromosomes have been found. In the pur- 
purea strain the anthers of the first panicles developed on the plant 
had a semiheterotypic division followed by pollen formation, whereas 
panicles later developed only produced mitotical divisions in the Pmc’s 
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followed by the formation of plasmodia in the loculi. In the canadensis 
strain no pollen formation at all occurs, all Pmc’s degenerate after the 
formation of plasmodia of different sizes. In some cells the mitotic 
chromosomes are very slender in the metaphase stage and in the follow- 
ing anaphase many chromosomes are fragmented. These anaphase cells 
have an appearance similar to such cells which have been exposed to 
radiation (Fig. 53). On the female side diplospory with mitotic division 
occurs, i.e. the same type which has been stated for European Cala- 
magrostis species by the present author (NYGREN, 1946). Thus, the 
Emc has a long resting stage (Fig. 55), which is followed by a very 
rapid mitotic division (Fig. 56). The later development of the Emc 
follows the Antennaria scheme, and thus no fertilization of neither egg 
cell nor central nucleus is needed for the formation of seeds. It is clear 
from the data above that C. canadensis is a semiapomictic species which 
behaves in the same way as C. purpurea as to the formation of new 
forms. 

Calamagrostis crassiglumis THURB. — This species, which ob- 
viously is related to C. inexpansa, occurs along the west coast of North 
America from Vancouver Island to central California. The author has 
collected his material close to the Radio station at Point Reyes, Marin 
Co., Cal., in a swamp about 300 m. from the Pacific. The species has 
the highest chromosome number known in Calamagrostis up to now: 
2n=140. The formation of pollen and seeds has not been studied as yet 
because of the difficulties to obtain flowering material. 

Calamagrostis densa VASEY. — C. densa is endemic to southern- 
most California, but might also occur in Mexico. The species grows on 
dry hills in S. Diego Co., at an elevation of about 5.000 feet. Because of 
the restriction according to the danger of fire in this area in the summer 
of 1951, the author was obliged to try to find the species in a new 
locality to be able to obtain living material. All five localities earlier 
known were namely located in areas not allowed to enter. The new 
locality is situated along Highway 80, close to Descano, at an elevation 
of about 5.000 feet. The species is tetraploid with 2n=28 and forms a 
regular meiosis with 14 bivalents on the male as well as on the female 
side (Figs. 26—28). The chiasma frequency has been determined in 51 
cells, the mean average has been calculated to be 1,191 + 0,028 chiasmata 
per bivalent. 

Calamagrostis fernaldii LouIs-MARIE. — This species is endemic 
to Boarstone Mnts., Piscataquis Co., Maine; the author has, however, 
had no opportunity to visit this remote locality, but Professor F. H. 
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STEINMETZ and his colleague Dr. OGDEN kindly have handed material 
over to me, and I am very indebted to these gentlemen for sending me 
this material. The species is a dodecaploid with 2n=84, which shows 
many similarities to certain inexrpansa biotypes. Meiosis has not been 
studied as yet, but the species forms good pollen. Tetrads have been 
observed as a result of divisions of the Emc, and thus the species very 
probably is a sexual species. 

Calamagrostis foliosa KEARNEY. — C. foliosa is endemic to a small 
part of the coast of Humboldt and Mendocino Counties in northern 
California, where it grows on steep rocks exposed to the Pacific. My 
material is collected one mile north of Westport, along Highway 1, 
Mendocino Co. The species is tetraploid with 2n=28 and has a regular 
meiosis on the male as well as on the female side (Figs. 29—-33). The 
chiasma frequency has been calculated in 62 Pmc’s, the average number 
of chiasmata per bivalent is 1,233+ 0,012. One occasional quadrivalent 
has been found (Fig. 31). The Emc goes through a regular meiosis and 
forms a tetrad, the chalazal cell of which gives rise to the ES. The 
species no doubt is sexual. 

Calamagrostis howellii VASEY. — C. howellii is endemic to the 
Columbia river area E of Porland, where the species grows on both 
sides of the river. My material originates from Multnomah Falls and 
Latourell Falls in northern Oregon. The species is tetraploid with 
2n=28 and has regular meiosis on the male as well as on the female 
side (Figs. 34—37). The chiasma frequency has been calculated in 44 
Pmce’s, the average per bivalent is 1,233 0,012. All diakinesis and first 
metaphase plates studied showed 14 bivalents, no quadrivalents have 
been observed. On the female side meiosis followed by formation of 
tetrads has been found. The species has sexual seed production. 

Calamagrostis inexpansa A. GRAY. — C. inexpansa is a polyploid 
species with several chromosome races. Some populations have been 
named separately, thus C. californica is an inexpansa with big spikelets 
and very broad-ridged leaves. The species is closely related to C. ne- 
glecta, which always is tetraploid, however. The chromosome numbers 
found in the inexpansa populations studied are the following: 


California, Tioga Pass, Mono Co., 10.000 feet eleva- 


BD sk brews BA ans bE heme a mR Has 2n=28 
California, Tioga Pass, Mono Co., 10.000 feet eleva- 
om, Cmte: . oi oo. ii ieee eis. 2n=84 


Minnesota, Ottertail Co. ................000008- 2n=56, 58, 58 























CALAMAGROSTIS. I 





California, Alkaline bog, Timberline, Mono Co., 


10.000 feet elevation .................0008- 2n=84 
Colorado, Shore of Muskee Lake, Boulder Co., 
9.000 feet elevation ................220008: 2n=85, 88, 89, 92, 
98, 103, 105 


California, Slope SE of Timberline, Mono Co., 
11.000 feet elevation ...................05- 2n=102 


The tetraploid inexpansa from Tioga Pass has regular meiosis on 
the male as well as on the female side (Figs. 58—65). In the Pmc’s only 
bivalents have been observed (Figs. 58—59) and first anaphase as well 
as second metaphase show 14 chromosomes. The chiasma frequency 
has been calculated averagely to be 1,234+ 0,011 chiasmata per bivalent 
in 50 Pmc’s. Of interest is that restitution nuclei sometimes are formed 
during the second division, which gives pollen with unreduced chro- 
mosome number (Fig. 64). The Emce (Fig. 65) shows normal meiosis, 
which ends with a tetrad, the chalazal cell of which forms the sexual 
ES. The C. californica type from Tioga Pass is a dodecaploid with 
2n=84, which has a high frequency of univalents in the first meta- 
phase of the Pmc’s, a frequency which is reduced, however, in later 
stages of the development of the pollen. Fig. 67 shows a first metaphase 
plate with 35 II and 14 I, Fig. 69 a disturbed first anaphase plate with a 
high number of lagging chromosomes, and Fig. 70 a first telophase with 
only two lagging chromosomes. This tendency to decrease the number of 
»non-orientated» elements in later stages is clear from the following 
values: 


Number of units outside the plate in different dividing stages. 


MI Al TI TII 
Number of cells ............... 80 52 116 61 
> SNS OS oe ea Bees 7,01 + 0,244 4,71 + 0,48 0,80 + 0,09 0,30 + 0,c9 


Thus, it is obvious that the number of micronuclei in the pollen 
does not correspond to the frequency of univalents at first metaphase. 
The percentage morphologically good pollen is also very high in spite 
of the high number of univalents at MI. A calculation of the average 
chromosome number of the pollen grains gave the figure 43,56 with a 
variation in number of 16 cells between 38 and 49. On the female side 
only meiosis has been found. The first metaphase shows as high a uni- 
valent frequency as the Pmc’s (Fig. 71). The californica strain of inex- 
pansa obviously is sexual. 
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66—79, C. inexpansa including C. californica. 66, MI in the Alkaline bog type; 
67, C. californica, 351I1+141; 68, reduced cell with 31 chromosomes only; 69, A I, 
disturbed; 70, TI with two laggards only; 71—79, the female side; 71, Emc in 
C. californica, M1; 72, the same in Alkaline bog type; 73, Emc in the Timberline type; 
74, Alkaline bog, formation of a restitution nucleus at prophase; 75a and b, Alkaline 
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The type from Alkaline bog also has the chromosome number 
2n=84. This strain shows the same tendency as californica in decreas- 
ing the number of univalents and their derivatives in later division 
stages. The number of univalents at first metaphase as an average of 
one hundred analysed Pmc’s was 2,12+0,1s, while the corresponding 
figures for one hundred first telophase plates was 1,91 + 0,16 and that for 
35 second telophase plates 0,23 + 0,00. Thus, the number of units is lower 
in the Alkaline bog type than in californica (Fig. 66). The female side 
of this strain is of great theoretical interest. In some nucelli the Emc 
has a normal meiosis, the first metaphase of which, however, may show 
a considerable number of univalents (Fig. 72). In other nucelli, how- 
ever, the bivalents do not divide at first metaphase but form a restitution 
nucleus (Figs. 76—78), which later on will give rise to unreduced ES’s. 
Sometimes the formation of the restitution nucleus begins already at 
pachytene (Fig. 74), whereas in other cases the chromosomes go through 
a first metaphase, but form a restitution nucleus during the anaphase 
stage in such a way that some of the chromosomes go to one of the 
poles, while all the remaining ones fuse and form the restitution nu- 
cleus (Fig. 75 a and b). The last case gives rise to a restitution nucleus 
with somewhat reduced chromosome number. The Alkaline bog type 
no doubt shows transitional stages between normal meiosis and diplo- 
spory. 

The last type studied is the strain from the SE slope at Timberline 
with 2n=102. Even here the numbér of univalents and their derivatives 
decrease in later division stages. The average univalent frequency of 
101 analysed Pmc’s is 3,43+0,33 at first metaphase, while there are 
2,11+ 0,19 lagging chromosomes at first anaphase. In some Emc’s a dis- 
turbed meiosis has been found, whereas other Emc’s are diplosporous 
and develop according to the Antennaria scheme (Fig. 79). Therefore, 
the Timberline type of inexpansa is a semiapomictic strain. 

Calamagrostis koelerioides VASEY. — This species, which occurs 
even outside California, is closely related to C. densa and grows, just 
like the latter, on dry hills, preferably on serpentine. The material 
available to the author originates from Pulga in Butte Co. in central 
California and was generously collected and handed over to me by Dr. 
Taomas HOWELL of San Francisco. Two plants were collected, which 
bog, formation of a restitution nucleus at A I, 14.chromosomes lagging; 76—78, differ- 
ent ways to form restitution nuclei in the Alkaline bog type; 79, resting stage ending 
with a mitotic division. — 80—84, C. perplexa. 80, MI, side view; 81, M I, polar view; 


82, MI, side view; 83, plasmodium formed by several Pmcs; 84, Emec with regular 
pairing at MI. 
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have the chromosome numbers 2n=28 and 2n=30, respectively. Meiosis 
of the tetraploid is quite regular, while that of the 30 chromosomal 
form is disturbed (Figs. 38—48). The two supernumeraries sometimes 
form a bivalent (Figs. 38, 39, 44), but in most cases the two chromo- 
somes are unpaired (Figs. 41—42), which causes lagging chromosomes 
at first anaphase as well as at telophase (Figs. 45—46). In 137 out of 
442 MI cells studied the supernumeraries formed a bivalent (=31 %) 
whereas distance conjugation was observed in 22 cells (=4,98 %). In 58 
out of 146 AI plates the supernumerary chromosomes were lagging 
(39,73 %). In 5,2 % of the Pmc’s quadrivalents were observed. In some 
cases pollen is formed with the chromosome number n= 15 and, there- 
fore, the aneuploid number may stabilize in later generations (Fig. 48). 
Meiosis in the Emc is regular and the ES formation follows the normal 
scheme. C. koelerioides no doubt is a sexual species. 

Calamagrostis montanensis SCRIBN. — Of this central North Amer- 
ican species the author has obtained material partly from Boulder, 
Colorado, by Dr. WEBER, partly through exchange of seeds with the 
Botanical Garden at Ottawa, Canada. Two collections have been ob- 
tained from Ottawa, one originating from Cardstone, Alberta, the other 
one without information of the locality. The chromosome number of all 
plants raised from the seeds obtained was 2n=28, and thus C. mon- 
tanensis constitutes another tetraploid of the New World. The species 
is sexual and forms excellent pollen. 

Calamagrostis nutkaensis (PRESL.) STEUD. — This species is en- 
demic to the eastern part of the Pacific coast from the Aleutans to cen- 
tral and southern California. The author’s material originates partly 
from Point Reyes, Marin Co., California, and partly from Huckleberry 
Hills, one mile S of Monterey, Monterey Peninsula, California. All 
plants studied are tetraploids with 2n=28 and sexual with regular 
meiosis on the male as well as on the female side. It has been observed 
that the pollen does not develop normally if the plant is exposed to too 
dry aclimate or to cold nights during the growing season. In one such case 
the Pmc’s degenerated and similarities to some of the abnormalities 
occurring in apomictic species were observed. 

Calamagrostis ophitidis (TH. HOWELL), nov. comb. — C. ophitidis 
is an endemic species with a very restricted distribution area around 
the San Francisco Bay and the counties north of the Bay region. 
Material has been studied from the Tiberon Peninsula, Marin Co., from 
Rawson Grade, near Occidental, Sonoma Co., as well as from Ruther- 
ford, close to Monticelli and Steel Canyon, both in Napa Co. The species 
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85—87, C. ophitidis. 85, MI, 14 Il; 86—87, MI in the Emc, 14 II. — 88—92, C. pur- 

purascens, 88, plasmodium formed by several fused Pmc’s; 89, Emc with one nu- 

cleus; 90, the mitotic division in the Emc; 91, Emc with two nuclei; 92, a nucellus 

with two ES’s, probably one diplosporous and one reduced one. — 93, C. perplexa. 
Pollen plasmodium formed by several fused Pmc’s. 
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has also been found on Mt. Tamalpais, Marin Co., N of San Francisco. 
Several hundred plants have been raised from seeds collected in the 
localities mentioned; all plants counted are strictly tetraploid with the 
number 2n=28. This is of particular interest because of the fact that 
C. purpurascens, which is the closest relative to ophitidis, has higher 
chromosome numbers than this species. C. ophitidis is a sexual species 
with regular meiosis on the male as well as on the female side (Figs. 
85—87). Its pollen formation is excellent. The ES is formed according 
to the normal scheme. 


Calamagrostis perpleca ScRIBN. — This relative to C. porteri is 
endemic to Thatcher’s Pinnacle, near Ithaca, New York. It is a polyploid 
species with the chromosome number 2n=70. In the Pmc’s a restricted 
number of univalents are formed at MI (Figs. 80—82), the average in 
173 cells was calculated to 2,67+ 0,18 per cell, while the number at first 
anaphase is considerably lower, the mean of 55 anaphase cells being 
0,62 + 0,21 units per cell. At first telophase the number of units has de- 
creased to 0,17+ 0,14 elements per cell as an average of 50 Pmc’s. In some 
loculi big plasmodia are formed of the same type as those characteristic 
of apomictic species (Figs. 83 and 93). In the Emc’s a regular meiosis 
occurs with mainly bivalents (Fig. 84) ; later on an ES is formed accord- 
ing to the normal scheme. Thus, C. perplexa is a high-polyploid, sexual 
species. 


Calamagrostis porteri A. GRay. — Of this eastern North American 
species the author has obtained material from State College, Penn., 
collected by Dr. WESTERFELD. As the material was obtained in August, 
1953, no panicles have been developed as yet, but the chromosome 
number has been determined in two plants, which have the numbers 
2n=84 and 2n=87, respectively. Thus, porteri is a high-polyploid just 
as perplexa and it will be of interest to find out if it is sexual, just as 
the latter species. 


Calamagrostis purpurascens R. Br. — C. purpurascens has a very 
wide area of distribution in the northern hemisphere. In Asia it occurs 
from Hondshu in the South and Lena and Olenek rivers in the West to 
Chukch Peninsula in the East, it grows on the Commander Islands and 
is distributed from Alaska and Yukon in the North to California in the 
South in western North America, whereas in central and eastern North 
America it is native to Colorado, S. Dakota and Quebec, and finally it is 
found on Baffin Land and in Greenland. The author has obtained mat- 
erial from California, Colorado and Canada. The chromosome numbers 
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C. bolanderii 
C.breweri 2n=28 
C.breweri 2n=42 
C.crassiglumis 

C. densa 

Cfoliosa | 

C. howellii 

C. koelerioides 

C. ophitidis 

C. tweedyi 


Qposecepps 


94. Map of the distribution of the endemic Calamagrostis species native to western 
U.S.A. C. koelerioides also occurs outside California and Oregon. C. tweedyi is 
even known to grow in the mountains of northern Idaho. 
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of the plants, which all have been raised from seeds collected in the 
wild, are as follows: 


Chromosome numbers in C. purpurascens R. BR. 


California, Mt. Dana, Mono Co., 11.000 feet elevation 2n=56 
California, Timberline, E of Coness, Mono Co., 


EROS Feet GROVATION 5 oc oon ens See 2n=48, 49, 53 
California, Timberline, below E Plateau, 10.700 
PORE IW 65 oe es es ieee Sie 2n=40, 41, 47, 50 


Canada, North West Territories, Grand Lacdel’Oors 2n=42 
Colorado, Boulder, Hoosier Pass, 11.000 feet eleva- 
Rear Ble Cea A gle a Pee pena ee pea eae ee 2n=54—57 (9pl.) 


C. purpurascens has not been found to form any pollen. In the 
loculi only big plasmodia of fused and degenerated Pimc’s occur 
(Fig. 88) of the same type as those earlier described in C. chalybaea 
(NYGREN, 1946). The Emc develops according to the diplosporous 
mitotic scheme characteristic of all other apomictic species of the genus 
(Figs. 89—92). In one nucellus two ES’s were found close to each other. 
The author is of the opinion that one of these sacs is diplosporous and 
unreduced, while the other one is reduced and will later degenerate. 
Two Emc’s in the same nucellus now and then occur in different Cala- 
magrostis species, even if such a situation is rare. Apospory has never 
been observed in Calamagrostis in spite of the fact that up to now many 
thousand Emc’s have been studied in different species of the Old and 
New World. The deviating chromosome numbers found in different 
seed offspring probably depend upon the fact that the seeds have been 
collected from natural populations containing a great number of plants. 
It is also possible that pollen as well as reduced ES’s now and then may 
be formed and that the plants with aneuploid chromosome numbers 
may be the result of a sexual process. 

Calamagrostis rubescens BUCKL. — This western and central North 
American species forms a polyploid series. The author has collected 
tetraploid material on Kings Mts., Coast Range, close to Palo Alto, 
California, and hexaploid specimens at Wooden Valley, Napa Co., 
California, at the same time as Dr. STEBBINS JR., has sent me seeds 
from Huckleberry Hills, near Monterey, California, which have grown 
up to octoploid plants with 2n=56. The tetraploid type is sexual and 
has good pollen formation, while no data as yet are available for the 
hexaploid and octoploid types. 
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DISCUSSION. 


Two of the North American Calamagrostis species studied, C. bo- 
landeri and nutkaensis, have an isolated position in the genus in this 
part of the world. C. bolanderi probably has its closest relatives in 
South America, whereas nutkaensis may be related to some of the 
species in eastern Asia. 

The three species C. howellii, foliosa and tweedyi are all endemic 
to the western part of North America, where they grow in isolated popu- 
lations in very restricted areas. In spite of the fact that the chromosome 
number of tweedyi has not been determined, it is very probable that it 
is a tetraploid species. It forms morphologically good pollen and does 
not show any of the characteristic disturbances which are common to 
the apomictic species of the genus. The three species are probably the 
last remnants of an old population, which in earlier geological periods 
has covered a good deal of western North America. The three popula- 
tions have been adapted to different climates and, therefore, the selec- 
tion has gone in different directions in the three cases. Each one of the 
species is very uniform all over its distribution area and each one is 
ecologically extremely specialized. Thus, the species no doubt are more 
or less homozygous, a condition in a genus of strongly cross breeding 
species which will probably soon cause the extinction of these last 
remnants of an old population. 

The conditions in C. breweri are of particular interest because of 
the chromosome races occurring in the species have different ecological 
demands. The circumstance that the low chromosomal race grows in 
the high mountains and the type with higher number at lower altitude 
is not too uncommon in the Arctic. In Scandinavia, for instance, diploid 
Anthoxanthum odoratum grows in the mountains, while the tetraploid 
is common in the lowland. Diploid Vaccinium uliginosum is also a 
species of the northernmost part of the peninsula, the tetraploid, on the 
contrary, occurs all over Scandinavia. Diploid Campanula rotundifolia, 
finally, is common in the mountains, whereas the tetraploid grows in 
the lowland. Thus, it is easy to understand why a hexaploid breweri 
which has its origin from a tetraploid will grow at lower elevation than 
the latter. It is, however, very difficult to prove that the hexaploid is a 
direct derivative of the tetraploid, but it must be considered very un- 
likely that any of the other Calamagrostis species now occurring in 
North America has taken part in the formation of the hexaploid. 

Although the tetraploids C. cainii and montanensis no doubt are 
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related to each other their populations are of very different sizes. 
Cainii only occurs on a single mountain summit in Tennessee, while 
montanensis is found in seven central states of the U.S.A. and some 
of the Canadian provinces. Thus, cainii, which has a limited ecological 
amplitude and is morphologically very uniform, belongs to those more 
or less homozygous species which will soon be extinct, whereas mon- 
tanensis will have better chances to meet changes in the climatical 
conditions. : 

The two species C. ophitidis and purpurascens are closely related 
to each other, but differ in the way of reproduction. Ophitidis is very 
specialized ecologically and grows only on exposed serpentine rocks, 
the cracks of which give a poor hold to the roots of the plant. In the 
restricted area where it is endemic the climate is very uniform year 
after year, and the species has been adapted to very hot days and cool 
nights. Morphologically ophitidis is just as uniform as ecologically and 
thus no doubt belongs to the expiring species. In some way this species 
or its predecessors have entered a diplosporous way of reproduction 
and given rise to C. purpurascens. This development very likely has 
happened in the same way as in C. canadensis and inexpansa. C. pur- 
purascens varies in different parts of its great area of distribution. 
Thus, HULTEN has. described a particular subspecies arctica charact- 
eristic of the northwestern part of the distribution area of the species 
(HULTEN, 1941—50, p. 170). The length of the awns varies consider- 
ably in different populations, they are particularly long in some popu- 
lations from the Cascades in the State of Washington. The evolution 
has entered different ways during the development of the purpurascens 
complex now existing, and in spite of the fact that the species can not 
be considered a successful apomict which fills its area of distribution 
with new forms, at least some biotypes of the species may be able to 
survive if the climate changes. 

The two species C. densa and koelerioides form another pair of 
closely related species. Densa is ecologically and geographically very 
specialized, morphologically it is uniform, while koelerioides has a 
wider distribution (occurs in five of the western states in the U.S. A.) 
and even ecologically shows greater variation than densa. Thus, densa 
is the expiring and koelerioides the successful species of the pair. 

In the group made up by the three species C. rubescens, perplexa 
and porteri the first mentioned one occurs in eight states of western 
and central U.S. A., while porteri is native to four and perplexa to one 
state of the East. Rubescens has three chromosome races which to some 
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extent have different ecological demands, perplexa, on the other hand, 
is a monotypic species which only occurs in one single locality, whereas 
porteri mainly relies on its vegetative propagation by stolons and very 
rarely flowers. In spite of the fact that we here have three polyploid 
species to deal with only one of them, rubescens, is to be considered 
successful in the struggle for life. 

The species series made up by C. neglecta, inexpansa, californica, 
crassiglumis, and lapponica is of particular interest for many reasons. 
The main differences between neglecta and inexpansa are so diffuse 
on the tetraploid level that the two species most likely are to be regarded 
as different branches of development of the same main type. While 
neglecta, which is the type characteristic of the Old World, has remained 
tetraploid, inexpensa has developed polyploid forms, one of which, lap- 
ponica, has spread all over the Arctic from Greenland and northern 
North America to northern Siberia and Europe. Transitional forms with 
2n=42 have been found in Greenland (BOCHER and LARSEN, 1950, p. 5) 
and northern Sweden (NYGREN, 1946). Parallel with this production of 
polyploid forms we meet a tendency of a development against diplo- 
spory. The series of different stages covering the area between sexuality 
and diplospory in inexpansa accounted in this paper, make it quite clear 
that some strains with a tendency to form restitution nuclei on the 
female side constitute transitional stages between pure sexual types 
and diplosporous strains. The present author supposed in 1946 that 
C. inexpansa was a sexual in the Rocky Mountains and an apomict in 
the Aleutans. Now it is obvious that apomictic forms even occur on the 
North American continent and that inexpansa fills the gap between the 
tetraploid, sexual neglecta, the highly polyploid, apomictic lapponica 
and the derivatives of the latter growing in northern Asia. The less 
successful species in the group no doubt is C. crassiglumis, which 
suffers a languishing existence in some localities along the Pacific coast. 
Whether it is an apomictic or a sexual species, the gene combination of 
crassiglumis has led to some kind of a blind alley in spite of the very 
high chromosome number. 

The most successful Calamagrostis species of the New World no 
doubt is C. canadensis. Just as in inexpensa sexual, semiapomictic and 
more or less obligate apomictic strains occur in this species. This gives 
canadensis a capacity of plasticity which no doubt explains why it is 
so well prepared for the struggle for life. In comparison with C. pur- 
purea, canadensis is less variable which may depend upon the fact that 
it does not intercross so often with other Calamagrostis species. C. pur- 
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purea sometimes forms hybrids with C. canescens and neglecta and 
now and then with arundinacea, while canadensis does not seem to 
cross with any other species of the genus with certainty. C. scribneri 
BEAL might be the combination C. canadensis X rubescens, however. 

The North American Calamagrostes give a good idea how the con- 
ditions might have been in Europe before the last glaciation. If the 
North American mountain ranges had run from East to West instead 
of from North to South, we would probably have had only the following 
Calamagrostis species left in modern time: C. canadensis, inexpensa, 
purpurascens, and rubescens. There is a possibility that even mon- 
tanensis and nutkaensis would have survived. With this background 
we might consider old Europe with its ten species as rich in Cala- 
magrostis. Three of the ten European species are restricted to smaller 
areas of distribution, but only one, C. chalybaea, is endemic. 


SUMMARY. 


(1) The chromosome numbers of 19 species of Calamagrostis native 
to North America have been given. The formation of pollen and em- 
bryo-sacs has been studied in most of these species. 

(2) The chromosome numbers found are the following: C. bolan- 
deri, 2n=56; C. breweri, 2n=28, 42; C. cainii, 2n=28; C. canadensis, 
2n=42—66; C. crassiglumis, 2n=140; C. densa, 2n=28; C. fernaldii, 
2n=84; C. foliosa, 2n=28; C. howellii, 2n=28; C. inexpansa, 2n=28, 
56, 58, 84—104; C. koelerioides, 2n=28, 30; C. montanensis, 2n=28; 
C. nutkaensis, 2n=28; C. ophitidis, 2n=28; C. perplexa, 2n=70; C. por- 
teri, 2n=84, 87; C. purpurascens, 2n=42—56; and C. rubescens, 
2n=56. 

(3) The species C. canadensis and inexpansa have sexual, semi- 
apomictic as well as apomictic strains. C. purpurascens has apomictic 
strains. 

(4) The North American Calamagrostis species with apomixis are 
diplosporous with mitotic division. 

(5) Most North American species of the genus are restricted to 
small areas with a low number of plants in the populations, they are 
no doubt expiring species. The most successful species are: C. cana- 
densis, inexpansa, purpurascens, and rubescens. The three first men- 
tioned ones of these species form apomictic strains. 
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CROSSES WITHIN THE CAMPESTRIS 
GROUP OF THE GENUS BRASSICA 


BY GOSTA OLSSON 


SVALOF, SWEDEN 





\ \ JI{THIN the genus Brassica there are at least a couple of wild 

species and several cultivated ones which have the somatic 
chromosome number 2n=20. In many cases the different types are con- 
sidered to be different species, other authors arrange some of them as 
subspecies within other 20-chromosome species or even within species 
with a quite different chromosome number. Finally, some authors con- 
sider that the whole group forms one single species. 

In order to obtain information regarding the salabioeliiin between 
the different types crosses have been made between available represent- 
atives and the fertility and general development of the hybrids have 
been studied. In the following the different »species» will be denoted 
with the name under which they have been obtained, and the taxonom- 
ical relations will not be discussed until the end of the paper. 


MATERIAL AND METHODS. 


In the crosses made in 1949 and 1950 the following material has 
been studied: 


Brassica campestris L. var. oleifera METZG.............. 3 varieties 
» > » toria (DUTHIE et FULLER) .... 1 variety 
» » » sarson (yellow seed) PRAIN... 2 varieties 
» ke EE eA Eee aie) arena tears yoy 3 » 
» CS ee oe ee ee eee. ere 2 » 
» I Sn os sues ceo eneskes ead noe bees & 2 » 
> og, SOPOT ETT ETE ORT Teter 1 variety 
» reer rere Tere ree 1 » 


The commercial varieties of oleifera used (Mette’s, Hunsriicker and 
Fenno spring turnip rape) are used in the breeding work at Svaléf and 
are cultivated in western Europe. Toria, sarson and Tournefortii have 
been obtained from Dr. PARTHASARATHY, Indian Agricultural Research 
Institute, New Delhi, while the material of chinensis, pekinensis, nari- 
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nosa, and nipposinica has been obtained from Professor MIZUSHIMA, 
Sendai, Japan and Professor NISHIYAMA, Kyoto, Japan. I want to tender 
these gentlemen my best thanks for their kind helpfulness in sending 
the seed. 

The chromosome number of all the varieties used is 2n=20, 
according to KARPECHENKO (1922), SHIMOTOMAI (1925), NAGAI and 
SASAOKA (1930), ALAM (1936), and SikKA (1940). The fact has been 
further confirmed by determinations of the chromosome number of the 
material here used of sarson and Tournefortii. 

The whole of the campestris group — including all the types here 
used except Tournefortii and also turnips and wild campestris — is 
usually characterized by very little waxiness on the rosette leaves and 
by clasping upper leaves. The inflorescence is usually at first corymbose 
but gradually becomes racemose. The beak of the pod is well developed 
and fairly long in comparison with the length of the pod proper. The 
material is more or less markedly self-sterile (KAKIZAKI, 1922 and 1925; 
STOUT, 1931; OLSSON, 1953) with the exception of yellow-seeded sarson, 
which is self-fertile (MOHAMMAD, SINGH and ALAM, 1931). 

Detailed morphological descriptions of the different types will not 
be given here, as good descriptions are presented by LUND and KIAER- 
SKOU (1884, 1885), PRAIN (1898), HEGI (1918), ScHULZ (1919, 1936), 
BAILEY (1922, 1930), SINSKAIA (1928), ALAM (1945), and SuN (1946). On 
the other hand, a short information of the most important differences 
between the types in question may be of value for the following dis- 
cussion. 

The wild Brassica campestris and turnip rape are morphologically 
very similar and turnip differs from these mainly by the swollen root. 
These types occur from Ireland in the west to Japan in the east and 
from northernmost Norway to Sahara (SINSKAIA, 1928). Toria is rather 
similar to oleifera but is less hairy and somewhat more waxy. Yellow- 
seeded sarson is characterized, except by the seed colour and the self- 
fertility, among other things by the long anthers of the opened flower 
being introrse. In brown-seeded sarson, which unfortunately has not 
been included in this study, these anthers are extrorse and the plant is 
self-sterile and, obviously, brown-seeded. Toria and sarson are im- 
portant oil plants in northern India and Pakistan. 

B. chinensis, pekinensis, narinosa, and nipposinica are used as 
vegetables in eastern Asia and all have a strongly developed leaf rosette. 
In pekinensis the rosette often forms a head and the leaf stalks are 
broad and flattened with a notched or jagged serrated wing. In chinensis 
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and narinosa the stalks of the lower leaves are thick and white but not 
winged. The upper leaves of the former are comparatively long and 
narrow while narinosa is characterized by dark green, puckered rosette 
leaves, broad upper leaves and short and thick pods with a compara- 
tively short and broad beak. The rosette leaves of nipposinica are long 
and narrow, whole or — as in the variety here used — deeply pinnati- 
sect, the pods are comparatively narrow. 

The basal leaves of B. Tournefortii are hairy and deeply lyrate- 
pinnatisect and the upper leaves are narrow and not clasping. The 
flowers are small and pale yellow in colour. The pods are 3,5—6,5 cm in 
length with a comparatively long beak which usually includes 1—2 
seeds. Tournefortii is self-fertile and sets seed fairly well when isolated 
by paper bags. The species occurs as a weed in the Mediterranean region 
and in the near and middle East as far as the Persian gulf and northern 
India. It was inadvertently introduced in Australia about the year 1916 
and has become a noxious weed on this continent (GARDNER, 1933; 
CLARKE, 1938; Sims, 1948); according to MusiL (1948), it also has 
appeared in California. 

The crosses have been made after artificial emasculation and by 
artificial pollination; the flowers have been included in pergamyn bags. 
When crosses are made between well-defined species of Brassica some 
seeds are usually obtained which give rise to plants exactly similar to the 
mother. Such plants have been obtained in this case in crosses including 
B. Tournefortii. In the other cross combinations typical F, plants have 
been obtained and at any rate the number of maternal progenies has 
been very low. This is most clearly evident in the cases where the white 
flowering and yellow-seeded sarson has been used as mother. Out of 
275 plants grown in 1951 only one was white-flowered and thus matro- 
morphic. 

The F, material has been grown in six replicates, each plot consist- 
ing of one row with 20 plants in 1950 and 10 in 1951. The frequency of 
well developed and well stained pollen has been determined in a mixture 
of aceto-carmine and glycerine (1:1). With pollen fertility is meant 
the percentage of well developed pollen grains. The seed fertility is 
given as the number of well developed seeds in per cent of ovules, as 
counted in the ripe pods. Root tips have been fixed according to Karpe- 
chenko and flower buds with Carnoy. The material fixed has been 
embedded in the usual manner, cut and stained with crystal violet. 
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RESULTS. 
CROSSES INCLUDING B. TOURNEFORTII GOUAN. 


Attempts have been made to cross B. Tournefortii with other species 
with the same chromosome number. As seen from Table 1, no hybrid 
seed has been obtained but a number of matromorphic plants. Similar 
results were obtained by MOHAMMAD and SIKKA (1940) in crossing 
Tournefortii with sarson. There is, thus, a marked barrier of incompa- 
tibility between Tournefortii and the other species here studied belonging 
to the campestris group. This barrier is not complete, however, since SIKKA 
(1940) succeeded to obtain, from 25 pollinated flowers, 2 hybrids be- 
tween Tournefortii and B. trilocularis H.f.T.(=sarson). These were 
completely sterile, however, and in diakinesis they usually had 0—3 
bivalents and 20—14 univalents; sometimes also one tri- or quadri- 
valent. 

TABLE 1. Crosses with B. Tournefortii. 
1 Number of Number of Number Number of 





Combination flowers pods ofhybrid matromor- 

pollinated developed seeds phic seeds 
B. Tournefortii x B. campestris var. oleifera .... 239 38 0 127 
> » x» » : , COPUE 2 900-0: 101 15 0 10 
» > We 2 GRMUENIOED. bico A ietices so aha 113 14 0 13 
» > X » pekinensis ...............- 104 12 0 19 
» » i ON ad FSA 84 7 0 28 
» chinensis X< B.Tournefortii ............+0+4+ 168 35 0 81 
» narinosa X » > Ss Lennala Soe leery eis 157 26 0 45 
Total 966 147 0 323 


As B. Tournefortii is morphologically quite distinct from B. cam- 
pestris s. lat., usually does not form hybrids with this species, and the 
hybrids, when formed, are sterile, they must be considered as two 
distinct species. It is therefore misleading to call B. Tournefortii »wild 
turnip» as is often done in papers in the English language (GARDNER, 
1933; MuSIL, 1948; GATES, 1950, and others). 


CROSSES BETWEEN B. CAMPESTRIS, CHINENSIS, PEKINENSIS, 
NARINOSA, AND NIPPOSINICA. 
The crosses were made in 1949 and 1950 and the hybrids obtained 
were grown in 1950 and 1951. ; 
In 1949 chinensis, pekinensis, narisona, and nipposinica as well as 
toria and sarson were crossed mainly with varieties of B. campestris 
grown as summer turnip rape in Sweden or tested as such in the breed- 
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ing material. As seen from Table 2, a couple of varieties of each 
»species» were used. In 1950 diallel and reciprocal crosses were made 
between the species listed in Table 3; nipposinica flowered too late, 
however, to be used as mother. 

As seen from Tables 2 and 3, the seed setting is fairly good in all 
combinations tested. There are some differences between different com- 
binations in regard to the number of seeds per pollinated flower, but 
the material has flowered and been crossed at different times and 
usually only 50—60 flowers were pollinated each year for each in- 
dividual combination; it therefore hardly seems justified to draw any 
further conclusions than that all the »species» intercross easily and that 
they are not separated by any barriers to such crosses. In the crosses of 
1950 toria has set less seed when pollinated with »extra-specific» pollen 
than the other varieties. 

The high degree of »interspecific» crossability obtained in this study 
is in good agreement with earlier results. Already the work by KAKIZAKI 
(1925) indicates the interspecific fertility, although his material was 
very small. SINSKAIA (1927) has shown beyond doubt that the following 
combinations succeed very easily: 


Brassica campestris L. XB. pekinensis Rupr., and reciprocally 


» » Xe nipposinica BAILEY 
> » xX» chinensis L., and reciprocally 
» chinensis L. X » nipposinica BAILEY 


MorRINAGA (1928) crossed rapa with chinensis, pekinensis and 
»japonica»® and chinensis with pekinensis and is of the opinion that 
different species with n=10 are easily intercrossed; the same opinion is 
expressed by TERASAWA and SHIMOTOMAI (1928) who have made similar 
crosses. PEARSON (1928) crossed campestris, rapa, pekinensis, and chi- 
- nensis and also found the crosses easy to make; the opinion is further 


* The name »Brassica japonica», usually with SrEB. as author, is used by 
Japanese writers for material with 2n=20, which most probably is identical with 
Brassica nipposinica BAILEY (cf. IINUMA and MAKINO, 1912, pl. 33 and BAILEY, 1922, 
p. 90). The name japonica was used, however, already by THUNBERG (Sinapis japo- 
nica, Flora Jap. 262, 1784) for material which is more related to Brassica juncea and 
according to BAILEY (1922, p. 93) the same material corresponds to Brassica japonica 
SIEB. In these circumstances the specific name japonica may not be used as is done 
by MORINAGA and others, but should in these cases be replaced by nipposinica 
BAILEY. In this paper »japonica» (within quotation marks, added by the present 
author) is used only in quotations from other authors and indicates the same 
material which is otherwise here denoted as nipposinica, 
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TABLE 2. Seed setting and pollen fertility in crosses between B. campest- 
ris, oleifera, toria, sarson, chinensis, pekinensis, narinosa, and 
nipposinica, 1949—1950. 


Number of Number of 
seeds per 
flower 


Combination flowers 
pollinated 

B. campestris v. oleifera (Mettes) ....... -— 
» » » » xB. campestris 

v. oleifera (MettesxFenno) ......... 30 
RECHTOGANY, <..6\ccrs nie cielo «010.00. s1e1010 «001010 66 
B. campestris v. oleifera (Fenno) ........ — 
» chinensis (Komatsuna) .............- “= 
» > » xB. campestris 

v. oleifera (Mettes) ...........-...4- 53 
RBCADEOGHNI 2 61s le /6.s:0u5.0.05:02/cclete s alsssce'eie's 64 
B. chinensis (Seppaku Taisai) .......... — 
» » » » xB. cam- 

pestris v. oleifera (Mettes) ........... 715: 
» chinensis (Hiroshima) .............+- a= 
» » » xB. campestris 

v. oleifera (Mettes) ..............6. 61 
» pekinensis (Matsushima) ............ 52 
» > » < B. campest- 

ris v. oleifera (Mettes) .........+..-. 5d 
» pekinensis (Santasai) ............... —- 
» » » xB. campestris 

v. oleifera (Mettes) ..........--2200- 57 
» campestris from Tabor .............- —_ 
» » xB. campestris v. oleifera 

NLCHIINO etch ceiete wivieve leis aietels «/e1eie o'oreje ee: 48 
» campestris XB. pekinensis (Matsu- 

GULP) Ganda oo cdniocdo UneooUneO Eee 48 
» chinensis (Seppaku Taisai) xB. peki- 

nensis (Matsushima) ................ 57 
RECIPRGCANY, .ye10110 1010. sisies v0 60 v0'> vie one 51 
B. narinosa from Sendai .............-- os 
» » <B. campestris v. oleifera 

METENSERCIET) occciceis/4 016 o 10100 oie'e's ere ceie'e 57 
RERIPLOCHNY s.ci2ci50 eres 6 ieee eereee ee cee 67 
B. campestris v. oleifera (Hunsriicker) ... — 
» narinosa from Kyoto .............+++ _ 
» » XB. chinensis (Seppaku 

PNGIMAE) We cidoxronry erence nt Ssiciwe ies soe hes 50 
RCCIPIOCOIY —sincjocrslelee 20.6702 eisis.clteisleie sic 60 
B. narinosa XB. pekinensis (Matsushima) 48 
» campestris XB. nipposinica .......... 52 


Number of 
plants 


100 


100 
100 
100 

64 


Pollen 
fertility 


91,9 
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1949 1950, F; 
; : ; Number of Number of ution ot Pollen 
Combination flowers seeds per plone 
“ plants fertility 
pollinated flower 
PP IPPOSMNCR 5.2.0.4 eaaeeubess ss — — 45 94,7 
» campestris v. toriaX B. campestris 
v. Oleifera {(Metles) ... . 2.0.2.0: 2600 63 2,3 49 80,7 
» campestris v. sarson T 74 B. campest- 
ris v. oleifera (Mettes) ...........-.. 56 5,1 35 79,9 
» campestris v. sarson T 87XB. campest- 
ris v. oleifera (Mettes) .............- 56 9,1 48 88,6 


supported by BRUNE (1949) who states that »der Kreuzbarkeit nach 
bildeten Brassica pekinensis, chinensis und Teltower Riibe eine enge 
Gruppe». Sarson is easily crossed with campestris but only with difficulty 
with napus (SINSKAIA, 1927). MOHAMMAD, SINGH and ALAM (1931) have 
shown that toria, sarson and turnip are easily intercrossed and this has 
been confirmed concerning the two last named types by SIKKA (1940). 

Neither wild Brassica campestris nor turnip have been included in 
the present series of experiments. The results obtained by LUND and 
KIAERSKOU (1885) as well as the author’s own experience from earlier 
work (unpubl.) show, however, that turnip, turnip rape and wild cam- 
pestris are easily intercrossed, a fact also pointed out by BAuR (1939) 
and DAVEY (1939). The experience of the present author as well as 
sarlier results by LUND and KIAERSKOU (1885), SINSKAIA (1927) and 
BAUR (1939) show that spontaneous hybrids between the types discussed 
in this paper are fairly common. 

In most characters the different F,’s are intermediate between the 
respective parents and no detailed study of the morphology of the 


TABLE 3. Number of hybrid seeds per pollinated flowers in crosses 
between different 20-chromosome forms of Brassica, 1950. 
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» » sarson .. 14,6 142 14,6 8,4 4,1 7,0 — 
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TABLE 4. Pollen fertility in F, of crosses between different 
20-chromosome forms of Brassica, 1951. 














|: ¢ 2s — S s 

pa ae a5 = = So: 

? Cr x a” = a x a 
B. campestris var. oleifera . 95 95 78 | 97 97 96 — 
> » » toria.... 96 95 80 | 94 95 92 — 
> > > srson.. 77 #88 8 & CO .® — 
> chinensis (Seppaku) .... 95 94 | 77 | 98 97 97 94 
» pekinensis (Santasai) ... 96 86 82 | 95 93 80 96 
rn 97 92 73 | 94 96 95 94 





hybrids has been made. A couple of characters, however, are evidently 
recessive. The yellowish white flower colour and the yellow seed colour 
of the type of sarson here used are both evidently caused by genes which 
are recessive to the genes which in all the other forms used cause 
yellow flower colour and brown seed. MOHAMMAD and SIKKA (1937) 
have shown that yellow seed colour in sarson is recessive to brown 
seed colour in toria and sarson. 

The pollen fertility in F, is given in Tables 2 and 4 and the seed 
fertility in Table 5. The fertility percentages given in Tables 4 and 5 
are the means of values obtained from 50—60 plants. As seen from the 
tables, crosses including B. campestris var. sarson have practically al- 
ways a lower fertility than the parent species, while the other hybrids 
— with a few exceptions — have the same fertility as the parents. There 


TABLE 5. Seed setting in F, of crosses between different 
20-chromosome forms of Brassica, 1951. 
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}are oo a3 3 x . os 
| 
B. campestris var. oleifera . 78 78 | 54 | 83 83 81 ~~ 
> > » toria.... 79 78 | 59 | 86 78 72 — 
» » » sarson.. 50 54 89 78 6 S56 — 
>» chinensis (Seppaku).... 80. 77. | 82 | 77 #24179 89 86 
» pekinensis (Santasai) ... 76 14 | 70 | 83 75 74 74 
> AMUTUAGBES <610:/05s: sees: 50 e-8 83 63 | 54 | 88 85 86 88 
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is, thus, a comparatively distinct sterility barrier between the yellow- 
seeded sarson and the other types used in this study. Among the F,’s 
with high fertility there are two combinations (pekinensis Xtoria and 
pekinensis X narinosa) which have a comparatively low pollen fertility 
and one combination (narinosaXtoria) with a low seed fertility. The 
reciprocal combinations are fully fertile, however; furthermore. the two 
combinations with reduced pollen fertility have a normal seed fertility 
and the combination which has reduced seed fertility has a normal 
pollen fertility. It seems most probable, therefore, that the disturbances 
in the fertility are quite accidental. The time at which the pollen was 
sampled may be of some importance. The seed fertility is remarkably 
high in the cross between chinensis and sarson. 

The crosses made by SINSKAIA (1927), MORINAGA (1928), PEARSON 
(1928), TERASAWA and SHIMOTOMAI (1928), and SIKKA (1940) have also 
resulted in fully fertile F, hybrids. 

It has been impossible to grow each F, combination in an isolated 
plot, and it has therefore been impossible to make an adequate study 
of the fertility in F,. Seed from the F, plots — grown side by side — 
has been sown, however, and the F, material has been studied to some 
extent, although no detailed determinations of the fertility have been 
made. The F,’s were vegetatively well developed and showed evident 
segregation in morphological characters; at the same time it was evident 
that intercrossing between different F,’s had occurred. There did not 
occur any marked sterility in F, and the seed setting was good. Similar 
results have been reported by PEARSON (1928) while SINSKAIA (1927) 
observed a certain reduction of the fertility in F, of the crosses cam- 
pestris X chinensis and campestris X pekinensis. 


TABLE 6. Plant height in cm in F, of crosses between different 
20-chromosome forms of Brassica, 1951. 
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B. campestris var. oleifera .... 169 105 5 128 141 131 
» BD HONG) 6s sc'or 106 96 128 127 118 

» > » sarson..... 117 111 99 141 136 128 
» chinensis (Seppaku) ....... 142 127 132 139 147 143 
» pekinensis (Santasai) ...... 137 141 143 142 150 138 
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TABLE 7. Seed yield in grams per plant in F, of crosses between 
different 20-chromosome forms of Brassica, 1951. 
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B. campestris var. oleifera .... 10,3 12,9 10,8 12,4 14,7 14,2 
» » » FOOTNA 63.0% 12,9 8,4 9,3 13,6 1G a 14,4 
» » ? Sareon: ...... 11,5 7,6 1,9 14,8 15,0 9,1 
» chinensis (Seppaku) ....... 12,0 13,9 13,0 5,5 8,9 5.6 
» pekinensis (Santasai) ...... 174 9,2 15,8 — — — 
S MUTBEO COE = 6:6 6: vieses.sicie o erss'e as 14,8 122 8.6 7,1 5,1 53 


* The values are missing because the late ripening plants were severely damaged 
by birds. 


In order to obtain some estimate of the development of the plants 
the plant height, weight of seed per plant, number of well-developed 
seeds per pod and weight of 1.000 seeds have been determined in the 
material of 1951 and plant height as well as seed weight per plant also 
in some of the material of 1950. The results of the measurements on 
the material of 1951 are listed in Tables 6—9. It has been impossible 
to obtain stands quite without missing plants; furthermore, the number 
of plants in each plot is fairly small. The data are, thus, not sufficient 
for a more thorough study of heterosis; nor has such a study been the main 
aim of the present investigation. However, the data obtained show that 
the F, plants have been vegetatively well developed and have given a good 


TABLE 8. Number of well developed seeds per pod in F, of crosses 
between different 20-chromosome forms of Brassica, 1951. 
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B. campestris var. oleifera . 20,9 23,2 | 16,5 | 24,6 25,1 25,0 o = 
| | es 
> » * tobia}.:.< Bee 236 | Vise | 27 23,9 22,2 —- 
» » » sarson .. 14,5 16,1 33,8 25,2 21,2 20,7 
» chinensis (Seppaku) .... 24,9 24,1 | 26,1 | 21,0 24,2 25,4 28,2 
: ee ; . | é 
» pekinensis (Santasai) ... 25,2 26,0 | 24,0 | 26,7 18,2 20,6 25,3 


> NATINOSA ........0e. cece 25,7 18,8 15,2 | 25,9 23,0 225 30,8 
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TABLE 9. Weight of 1.000 seeds in grams in F, of crosses between 
different 20-chromosome forms of Brassica, 1951. 
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» » > SHOT 6 s'56 358% 3,0 27 4,0 2,7 3,1 3,0 oe 
» » » SATZON . 6.25% 3,6 4,1 3,0 3,3 4,4 3,5 — 
» chinensis (Seppaku) ........ 2,3 2,7 3,2 3,0 3,2 2,6 2,9 
» pekinensis (Santasai) ....... 2,6 2,9 3,8 3,0 3,5 3,1 3,3 
P SRUENOSE os ooo 4a bee ats 8 2,3 3,0 3,5 2,7 3,1 Bi 2,5 


yield of seed. If heterosis is defined as superiority over the parent with 
the highest value (cf. HAGBERG, 1952) it has been possible to demonstrate 
significantly the occurrence of heterosis only in a few cross combina- 
tions, but an indication is apparent in many cases. As an example the 
fact may be mentioned that the yield of seed per plant in all crosses 
including oleifera has been larger in F, than in the oleifera parent, 
which latter obviously is the highest yielding of the strains used. As seen 
from Table 7, the seed yield of F, is higher than that of the parents in 
practically all other combinations also. In this connection it must be 
kept in mind that these parents are adapted to environments quite 
different from the one in which they have here been tested and that 
some of them must have been selected with regard to their value as 
vegetables with small consideration, probably, to their yield of seed. 

If the partially sterile hybrids with sarson are excepted the number 
of well developed seed per pod is larger in the F,’s including oleifera 
than in this »species», and in this character evident heterosis — su- 
periority to the best parent — occurs in many cases. 

In combinations with sarson the size of the seed is larger than in 
the parents. To some extent this may be due to the partial sterility with 
the resulting low number of seeds per pod, but this can not be the only 
cause since the weight of 1.000 seeds is high also in the combinations 
between sarson and chinensis or pekinensis where the pods have a 
normal number of seeds. 

As already mentioned, only part of the F, material grown in 1950 
was thrashed and determinations made of plant height and seed yield 
per plant. The results obtained in this limited material agree with those 
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TABLE 10. Cytological observations at first metaphase. 


PMC’s at My having 


Watestat the number of bodies the number of 
in polar view univalents 

9 10 11 0 1 2 
B. campestris var. oleifera ............ aa 98 2 99 1 —_— 
» » RS PSETBONI sree) 6istasejece/oce 1 96 1 125 — — 
» » varr. oleiferaXsarson... 3 115 4 177 10 4 
» » »  garsonXoleifera ... — 97 1 178 5 — 
» » »  OleiferaXtoria ..... — 50 — 80 — —_ 
» » »  toriaXsarson ...... 1 71 3 108 3 — 
» chinensis XB. campestris var. sarson 1 85 t 98 2 — 


from the material of 1951. Among the data from the material of 1950 
may be pointed out the fact that while no heterosis in regard to seed 
yield was observed in F, between two commercial varieties of oleifera 
(Mette’s and Fenno) it was more or less marked in the combination 
oleiferaX narinosa and oleiferaX chinensis. In the first mentioned of 
these combinations the t-value for (F,—P,,,,) was 2,34* and in the 
latter it was 4,54*** (cf. BONNIER and TEDIN, 1940). 

The vigorous development and the high yield of seed in the F, 
material here studied indicate that in the breeding of turnip rape it is 
not necessary to limit the material to the oleifera material grown in 
north-western Europe but that it is possible to utilize the variation 
within the entire campestris group. 

In regard to the cytology of the hybrids PEARSON (1928) states, 
»although no detailed cytological investigation has been made of these 
crosses, the preliminary study indicates that pairing is normal and that 
no irregularities occur at the reduction division». MORINAGA (1928) 
states that the reduction division is normal in the hybrids studied by him 
and the same holds true of the hybrid between pekinensis and » japonica» 


TABLE 11. Number of chromosomes at second metaphase. 


Number of chromosomes in sec- 


tices ond metaphase plates 

9 10 11 
B. campestris var. oleiferd .+.......0.ee cece — 60 1 
» » o. UPSOH Fe Sok aiws es ese eas 1 76 1 
» » varr. oleiferaXsarson ......... 3 97 —_— 
» » »  sarsonXoleifera ......... 2 56 _— 
» > » QlUfETOXTONIA . «0.6 6:0.0-60:0: ~= 100 -- 
» » » toriaXsarson .......2.0-- a 50 _- 
» chinensis XB. campestris var. sarson ...... 7 56 — 


Hereditas XL. 27 
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investigated by TERASAWA and SHIMOTOMAI (1928). In the F, hybrids 
rapaXchinensis and chinensis X pekinensis RICHHARIA (1937) found 
regular meiosis, while in the combination pekinensis X rapa >occasionally 
two free univalents were observed and occasionally separation was into 
9 and 11 instead of 10 and 10». In the hybrid between trilocularis 
(=sarson) and rapa SIKKA (1940) observed complete pairing in dia- 
kinesis and first metaphase while non-disjunction occurred in some 
instances at first anaphase. 

Because of the results just mentioned and the general good fertility 
it was not considered necessary to carry out a detailed cytological 
analysis of the present material; such analysis was limited mainly to 
some crosses including sarson. The chromosomes are comparatively 
small and the study has been limited to a determination of the number 
of bodies in polar views of the first metaphase and the number of uni- 
valents outside the plate and to the number of chromosomes at second 
metaphase. As seen from Tables 10 and 11, the hybrid oleiferaXtoria 
has a completely regular meiosis. Even the combinations with sarson 
which have been studied have on the whole a regular meiosis but the 
frequency of univalents is somewhat higher than in the parents and the 
chromosome pairing thus evidently somewhat weaker. There is a very 
considerable difference in this respect between different F, plants. 


DISCUSSION. 


As mentioned in the introduction, the »species» here studied are 
taxonomically grouped in widely different way by different authors. 
As an example may be mentioned that PRAIN (1898) considers B. chi- 
nensis L. as a variety of B. oleracea L., while SCHULZ (1919, 1936) in- 
cludes it in B. napus L. as a separate variety. With good reasons 
SINSKAIA (1928) criticizes SCHULZ’s grouping and considers chinensis as 
a separate species, closely related to campestris. The criticism of 
SINSKAIA gains very much in strength from the elucidation of the rela- 
tionships between the Brassica species which is a result of the genome 
analysis of MORINAGA (1929 a, 1934) and from the synthesis by U (1935) 
of rape. These investigations have shown that B. napus (n=19) is an 
allopolyploid, a combination between genomes from the oleracea group 
(n=9) and the campestris group (n=10). SCHULZ’s grouping of chinensis 
together with napus is thus definitely erroneous. 

PRAIN mistakenly believes toria to be a variety of napus [»Toria 
seems to be the same plant as B. praecox (summer rape), or if not the 


na 























ee 





THE CAMPESTRIS GROUP 411 





same is at least very like and very near it»; PRAIN, 1898, p. 78]. PRAIN’s 
classification is accepted by SCHULZ (1919, 1936), who includes toria 
as well as sarson in napus. In several papers by MOHAMMAD and co- 
workers (1931, 1935, 1937 and 1940) toria is given the name B. napus L. 
var. dichotoma PRAIN. Other taxonomists (see ALAM, 1945) give toria 
the astounding combination B. campestris ssp. napus. ALAM (I.c.) follows 
this system, adding a varietal name, so that toria becomes B. campestris 
L. ssp. napus var. toria D. et F. On the other hand, HowaArD (1940) is 
of the opinion that the name napus should be restricted to forms with 
2n=38. This seems a reasonable limitation and there is no reason what- 
ever for including napus in the latin name of toria. The correct name 
for this type should be B. campestris L. ssp. dichotoma (ROXB.) OLSSON. 

The question whether all the types here discussed are to be con- 
sidered as definite species or are to be combined in one or a few specific 
groups depends largely upon the way in which the species concept is 
defined. If the definition of BAILEY (1896, p. 457) is accepted, that a 
species is »the unit in classification, designating an assemblage of 
organisms which, in the judgment of any writer, is so marked and so 
homogeneous that it can be conveniently spoken of as one thing» all 
the types here treated should be treated as separate species. Quite a differ- 
ent species concept is advocated by other authors, e. g. HERIBERT NILSSON 
(1930), MUNTZING, TEDIN and TURESSON (1931), DOBZHANSKY (1935, 1941), 


' CLAUSEN (1936), CLAUSEN, KECK and HIESEY (1939), MAYER (1940, 1942), 


and STEBBINS (1950). STEBBINS says, »All agree that species must consist 
of systems of populations that are separated from each other by com- 
plete or at least sharp discontinuities in the variation patterns, and that 
these discontinuities must have a genetic basis. That is, they must reflect 
the existence of isolating mechanisms which greatly hinder or com- 
pletely prevent the transfer of genes from one system of populations to 
another» (page 34). In spite of the difficulties met with in applying these 
principles to cultivated species or groups of species (cf. MAC KEy, 1954) 
it is desirable, in the author’s opinion, to do it as far as possible since a 
taxonomical system founded on these principles gives the best picture 
possible of the interrelationships between the different »species» and 
other units. In Brassica, furthermore, systematic breeding has so far not 
to any great extent veiled the grouping which has been developed by a 
more or less natural selection in which the part of Man has mainly been 
unconscious. 

If the different units within the campestris group are judged from 
this point of view it is evident that B. Tournefortii GOUAN is to be con- 
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sidered as a separate species, being morphologically well distinguished 
from the others and also separated from them by a strong barrier 
at incompatibility. 

Yellow-seeded sarson also differs morphologically from all other 
types within campestris s. lat. (cf. ALAM, 1945) and is also characterized 
by self-fertility in contrast to the self-sterility of the other types. It is 
easy to cross with the other types within the group, but the hybrids 
usually show a marked tendency to decreased fertility. There are, thus, 
some facts in favour of the opinion of SINSKAIA (1928) and ALAM (1945) 
that yellow-seeded sarson should be given specific rank. On the other 
hand, the importance of the reduction in fertility should not be over- 
estimated; it must be kept in mind that reduced fertility may occur also 
in hybrids within an undoubtedly good Linnean. species (MUNTZING, 
1929, 1938). In the opinion of the present author the factor deciding the 
specific value of yellow-seeded sarson must be whether it will remain 
as a distinct unit type in its natural area of distribution. There are no 
data available which indicate such an isolation of the type in question. 
On the other hand, MOHAMMAD, SINGH and ALAM (1931) state that toria 
and sarson intercross freely in the fields and that »it was very difficult 
to keep the various varieties pure». Unfortunately, there is no informa- 
tion whether this statement holds true of brown-seeded or yellow-seeded 
sarson or of both types, but on the other hand it is not restricted only 
to the brown-seeded type. According to MOHAMMAD (1935), it is possible 
by crossing to introduce the self-fertility of yellow-seeded sarson into 
brown-seeded types as well as into toria, and in regard to this character, 
to the position of the anthers (extrose—introse) and to the hairiness of 
the leaves MOHAMMAD and SIKKA (1937) obtained monohybrid segrega- 
tion in the cross between sarson and toria. The seed colour, on the other 
hand, is regulated by several genes. It seems most suitable, at least 
provisionally, to arrange yellow-seeded sarson as a well differentiated 
subspecies of B. campestris. As far as the author has been able to find 
out, it should be given the latin name Brassica campestris L. ssp. tri- 
locularis (ROXB.) OLSSON (cf. ALAM 1945, p. 179). 

The other types here tested, viz. oleifera, toria, chinensis, pekinen- 
sis, and nipposinica, as well as wild B. campestris and turnip, are not 
separated by any barriers and frequently intercross spontaneously. The 
hybrids are, with few exceptions, fully fertile and have a normal 
meiosis. When crossed with napus and juncea all forms so far tested 
give 10,,+9, and 10,,+8,,respectively (MORINAGA, 1929 a and b; SASAOKA, 
1930; U, 1935; and others). 
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According to serological investigations by FUKUSHIMA and MARU- 
YAMA (1929), »japonica», pekinensis, rapa, and chinensis (?) form a 
uniform group, distinct from napus, juncea and oleracea. SHIMOTOMAI 
(1925) states, »according to the taxonomical view of Mr. MAKINO, 
B. campestris, B. Pe-tsai (=pekinensis), B. rapa, B. chinensis and 
B, »japonica» are intimately related with each other». PEARSON (1928) 
is of the opinion that »these species should be reduced to subspecies 
rank». 

Between the opinions offered by BAILEY and PEARSON there are 
several intermediate ones; SINSKAIA (1927, 1928) and SUN (1946) may 
be quoted as examples. SUN divides the material with 20 chromosomes 
in one European species, B. campestris, and one East-Asiatic, B. chi- 
nensis, a grouping which is criticized by GATES (1950) as »an undesir- 
able degree of lumping». SUN evidently does not know the Indian 
material, nor does he discuss narinosa. Pekinensis is regarded as a 
variety of chinensis. SUN has studied altogether too few of the existing 
types to be able to discuss the taxonomy of the whole group. 

SINSKAIA, on the other hand, seems to be the one who has studied 
the largest number of Brassica forms and in her papers of 1927 and 
1928 she gives very important information about the relations between 
the different »species». She places oleifera and rapifera (=rapa) as 
varieties of campestris but gives specific value to each of chinensis, peki- 
nensis and nipposinica. The difference between the system of SINSKAIA 
and the one here presented is fairly small. The important thing seems 
to be to indicate which taxonomical units are closely related; whether 
they are given specific rank or not is mainly a question of definition. 
According to the opinion of the present author, however, the differences 
between the different types within the campestris group are not larger 
than those betwen different varieties of B. oleracea (e.g., cabbage and 
cauliflower), which are commonly considered to belong all to one 
species. The difference between, ec. g., chinensis and pekinensis is smaller 
than that between some of the oleracea varieties and not at all compar- 
able with the differences between oleracea and rape or between rape 
and turnip rape. It seems desirable that the different species of Brassica 
should be as equivalent as possible and this is a strong argument in 
favour of including the whole of the campestris group into one 
species only. 

The taxonomical unit next below species is sometimes called 
varietas, sometimes subspecies. In accordance with the opinions ex- 
pressed by CLAUSEN (1936), MAYER (1942) and STEBBINS (1950) the term 
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subspecies is used here. It has been preferred to the term subspecioid 
suggested by MANSFELD (1953) since both wild and cultivated subspecies 
are included. 

The types here discussed may then be arranged according to the 
following scheme: 


Species Brassica campestris L. s. lat. 


ssp. eu-campestris ([L.) OLSSON, ssp. nova. — (B. campestris L., Sp. PI. 
666. 1753.) — Wild type. 

» Oleifera (METZG.) SINSK. SINSKAIA, Bull. Appl. Bot. Plant-breed. 
19: 3, p. 56. 1928. — (B. rapa ssp. oleifera METZGER, Syst. Beschreib. 
cult. Kohlart 49. 1833.) — Turnip rape. 

» rapifera (METZG.) SINSK. — SINSKAIA, Bull. Appl. Bot. Plant-breed. 
19: 3, p. 103. 1928. — (B. rapa L., Sp. Pl. 666. 1753. — B. rapa ssp. 
rapifera METZGER, Syst. Beschreib. cult. Kohlart 52. 1833. — B. cam- 
pestris ssp. rapa (L.) Hook. f. et ANDS., Fl. Brit. Ind. I: 156. 1875.) 
— Turnip. 

» chinensis (L.) MAKINO, Somoku-Dzusetsu, I: 3, Vol. 12, Tab. XXVII. 
1912. — (B. chinensis L., Cent. Pl. I, 1755 and Amoen. Acad. IV: 280. 
1759. — BAILEY, Gent. Herb. I: 99. 1922.) 





» pekinensis (LOUR.) OLSSON, comb. nova. — (Sinapis pekinensis 
Loureiro, FI. Cochin. 485. 1793. — B. pekinensis RUPRECHT, FI. 
Ingr. 96. 1860.) — Pe-tsai. 

» narinosa (BAILEY) OLSSON, comb. nova. — (B. narinosa BAILEY, 
Gent. Herb. I: 99. 1922.) 

» nipposinica (BAILEY) OLSSON, comb. nova. — (B. nipposinica 
BAILEY, I. c., 86. 1922.) 

» dichotoma (ROXB.) OLSSON, comb. nova. — (Sinapis dichotoma 


ROXBURGH, FI. Ind. III: 117. 1832. — B. napus var. dichotoma PRAIN, 
Agric. Ledger I: 36. 1898.) — Toria. 

» trilocularis (ROXB.) OLSSON, comb. nova. — (Sinapis trilocularis 
ROXBURGH, FI. Ind. III: 121. 1832. — B. trilocularis em. ALAM, Ind. 
Journ. Agr. Sci. 15: 179. 1945.) — Yellow-seeded sarson. 

Species Brassica Tournefortii GOUAN, Illustr. Obs. Bot. 44, 1773, 
Tab. XX A. 


It must be pointed out, however, that this list is not complete. 
B. campestris s. lat. should at least include also brown-seeded sarson 
and B. parachinensis BAILEY. PRAIN (1898) combines both types of 
sarson under the name B. campestris var. sarson. DUTHIE (1903) com- 
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bines brown-seeded sarson with toria under the name B. napus var. 
dichotoma. ALAM (1945) considers the two latter »as belonging to differ- 
ent subspecies of a single species» and calls brown-seeded sarson B. cam- 
pestris L. subsp. campestris var. dichotoma WATT. and toria B. cam- 
pestris L. subsp. napus var. toria D. et F. It must be left to further 
investigations to decide definitely the relations between toria and the two 
types of sarson. 

B. parachinensis BAILEY is »distinguished from B. chinensis in the 
petiolate and not clasping stem-leaves» (BAILEY, 1930). SINSKAIA (1927) 
sees it as a variety of chinensis and most probably they are closely 
related. According to SINSKAIA, it is easily crossed with nipposinica and 
the hybrid is fully fertile. 

It may also be discussed whether all the types should be placed as 
equivalent subspecific units. The difference between eu-campestris and 
oleifera is rather minute and possibly they ought to be grouped together. 
It is convenient, however, to distinguish in a simple manner between the 
wild form and the cultivated one, of which several high-bred commercial 
varieties exist. Possibly pekinensis, narinosa and nipposinica should be 
placed as varieties of chinensis but such an arrangement does not seem 
at present to offer any advantages. 

The variation within B. Tournefortii has not been investigated. 


SUMMARY. 


Crosses have been made between different Brassica forms with the 
haploid chromosome number n=10. The vitality and fertility of the 
hybrids obtained have been determined and considering the results ob- 
tained the taxonomy within the group is discussed. B. Tournefortii which 
usually cannot be crossed with B. campestris s. lat. is considered to be a 
separate species. Wild B. campestris, turnip rape, turnip, toria, sarson 
and different types of »chinese cabbage» are easily intercrossed and the 
hybrids are fertile, except when yellow-seeded sarson is one of the 
parents. These types, therefore, are all considered to be subspecies of 
B. campestris s. lat. (see page 414); yellow-seeded sarson (B. campestris 
ssp. trilocularis) is somewhat more different from the others than these 
are inter se. 


The investigation has been supported by grants from the Sales 
Association of the Manufacturers of Oleomargarine. 
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SPECTROPHOTOMETRIC ANALYSIS OF 
ACETO-CARMINE SOLUTIONS 


BY A. LIMA-DE-FARIA AnD S. BOSE 


INSTITUTE OF GENETICS, UNIVERSITY OF LUND, SWEDEN 





Bem is a natural dye obtained from the tropical insect Coccus 
cacti. By grinding and extracting the dried bodies of the females 
of this insect a dye is obtained known as cochineal. On treatment with 
alum this solution yields a product known as carmine (CONN, 1946). The 
commercial product is essentially a combination of carminic acid with 
aluminum, calcium and albuminoids (LANGERON, 1934). The exact 
chemical structure of carminic acid is somewhat uncertain. 

As a consequence, commercial samples of carmine vary widely, and 
when a new sample is obtained two main questions arise: (1) what will 
be the properties of the solution obtained from the new sample, and 
(2) how to obtain the best solution from that sample? It is common 
practice to try to answer the first question by a visual inspection of the 
solution obtained or simply by applying it to chromosomes and ob- 
serving the result. Such a process may give some information but this is 
incomplete. In order to get a solution of good quality, cytologists, as a 
rule, content themselves with making a »saturated» solution of the dye. 
Such a »saturated» solution, which is made, in many cases, by diluting” 
0,5 gm. of carmine in 100 c.c. of 45% acetic acid (DARLINGTON and 
LA Cour, 1947; SMITH, 1947) is of limited use. 

In an attempt to overcome these difficulties it was considered 
necessary to make not only a study of the dye from different firms and 
countries but also to have a reliable method for the comparison of the 
solutions obtained. 

The carmine used in this study came from two English and two 
American firms: G. T. Gurr, London; Hopkin and Williams Ltd., Essex, 
England; National Aniline Division, New York (commission certified 
stain); S. B. Penick and Co., U.S.A. No German dye sources were used 
in this study owing to difficulties in obtaining samples of carmine from 
Germany. 

Five solutions were made from each sample. The solutions were 
prepared by boiling 200 c.c. of 45 % acetic acid containing respectively 
1, 2, 4, 8 and 16 gm. of carmine, the result being a series of solutions 
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Fig. 1. Absorption curves of aceto-carmine solutions made from four different dye 
sources. A series of five initial concentrations (0,;—8 %) were used in each case. 
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Fig. 2. Relationship between maximum absorption and concentration in four different 
carmine dye sources. Data extracted from Fig. 1. 
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with concentrations of 0,5, 1, 2, 4 and 8 %. To avoid any change in con- 
centration during boiling, a boiling flask with a reflux condenser was 
used, and the boiling was prolonged for two hours to permit a full 
elution of the powder. The aceto-carmine solutions were then set aside 
for two days, and after that time decanted and filtered. All the solutions 
were prepared under rigorously similar conditions. 

All sixteen solutions with concentrations of 1, 2, 4 and 8 % prepared 
from the four dye sources left an obvious deposit after filtration. The 
four 0,5 % solutions left in some cases only a slight deposit. 

No iron was added to the aceto-carmine solutions in order to avoid 
introducing any extraneous source of error. 

All the solutions were too opaque to be used directly for spectro- 
photometric analysis. The dilution of 1 c.c. of a standard solution into 
200 c.c. of 45 % acetic acid was found to provide a solution of the desired 
transparency. All the twenty standard solutions were analysed in this 
way. A photoelectric spectrophotometer was used to avoid personal bias 
in the readings. The instrument employed was a Unicam diffraction 
grating spectrophotometer from Unicam Instruments (Cambridge) Ltd. 
In the spectrophotometric analysis the solvent — 45 % acetic acid — 
was used as blank. The readings were made in the region of the visible 
between 400 and 700 millimicrons. 

An inspection of the graphs (Fig. 1) reveals the following results: 

(1) All the absorption curves have their maximum absorption in 
the same region of the spectrum, irrespective of concentration and 
origin of the dye. The maximum absorption zone is found to be between 
480—500 millimicrons, which is situated within the absorption region of 
blue-green, complementary colour to orange-red. 

(2) There is for each absorption curve a single zone on the spec- 
trum at which light is absorbed to a greater extent than on either 
side of it. 

(3) In the two English dye samples (G. T. Gurr and Hopkin and 
Williams) the intensity of the stain increased with the dye concen- 
tration whereas in the two American dye samples analysed (Nat. Aniline 
Division and S. B. Penick) the intensity was maximum in the 2 % and 
4% solutions, respectively, and decreased at higher concentrations 
(Figs. 1 and 2). 

The fact that for all the different concentrations the region of 
maximum absorption lies in the same zone (480—500 millimicrons), is 
interpreted as indicating that the same substance or the same combina- 
tion of substances is dissolved in all cases. Moreover, the carmine 
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samples studied are not heterogeneous mixtures as there is a single top 
for each curve. 

The decrease of the stain intensity with increasing concentration, 
as observed in the case of the two American dye samples, is difficult to 
explain. In these dye samples the molecular combinations of carmine 
may form large aggregates which — when in large concentration — are 
difficult to break down and for this reason stay on the filter paper and 
do not pass into the solution. 

The very striking similarity of the curves of the two English dye 
samples may be due to a similar method of preparation or a common 
source of the original dye stuff. 

These results enable us to use carmine samples for cytological pur- 
poses on a more exact basis. Once a new sample is available, instead of 
a single »saturated» solution, a series of five or more solutions with 
different concentrations may be made and easily analysed in the photo- 
electric spectrophotometer. Such a procedure will rapidly give in- 
formation about the properties of the new sample and will furnish a 
series of solutions with different stain intensities. The dilution by half 
of the 8 % solution from Hopkin and Williams furnishes a solution of 
weaker stain intensity than the 4% standard solution obtained after 
boiling. Successive dilutions of the 8 % standard solution furnish weaker 
solutions than the original series obtained in the way described above. 
For this reason one should avoid making a single standard solution and 
then diluting it. 

As different species and different stages require different stain in- 
tensities the use in cytological work of such a series is most convenient. 
Stages where the chromosomes are thin and long, as at pachytene, re- 
quire a deep stain. At stages where the chromosomes have become 
thicker, such as diakinesis and metaphase I, weaker stains should be 
used. There is also a difference among plants with small, medium size, 
and long chromosomes. For instance, long and thick chromesomes like 
those of Trillium erectum require at metaphase I of meiosis a weaker 
stain than the chromosomes of rye at the same meiotic stage. 

The subsequent introduction of iron into these aceto-carmine 
solutions results in a still larger number of hues. In this way the 
cytologist will have at his disposal a scale of iron-aceto-carmine solutions 
which will permit him to obtain easily the desired stain for a given 
species and a given stage. 
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SUMMARY. 


Aceto-carmine solutions with concentrations ranging from 0,5 to 
8 % were prepared under standardized conditions from two English 
and two American dye sources. These solutions were analysed, after 
convenient dilution, by means of a photoelectric spectrophotometer. All 
these solutions, although they contain in most cases an excess of dye, 
were found to have different stain intensities which increased with the 
initial concentration in the case of the two English dye samples. For 
all concentrations the maximum absorption was situated at 480—500 
millimicrons. Such a series of concentrations furnishes information con- 
cerning the properties of the sample and is most useful in cytological 
work since different species and different stages require different stain 
intensities. 


LITERATURE CITED. 


1. Conn, H. J. 1946. Biological stains. — Geneva, N. Y., U.S.A. 346 p. 

2. DARLINGTON, C. D. and LA Cour, L. F. 1947. The handling of chromosomes. — 
London. 180 p. 

3. LANGERON, M. 1934. Precis de microscopie. — Paris. 1205 p. 

4. SMITH, L. 1947, The acetocarmine smear technic. — Stain Technology 22: 17—31. 

















ON ACCESSORY CHROMOSOMES IN 
FESTUCA PRATENSIS 
II. INHERITANCE OF THE STANDARD TYPE 
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Fe present report deals with the inheritance of the standard type 
of accessory chromosomes in Festuca pratensis HuDS. (BOSEMARK, 
1954) in different cross combinations. This type has been studied in 
crosses made by isolating together panicles in pollen-proof bags and 
by open pollination. In view of the rather pronounced self-sterility in 
Festuca pratensis (NILSSON, 1933) this method was chosen in favour of 
the more laborious controlled crosses. NILSSON found up to 11,3 per cent 
self-fertility in extreme cases; I have therefore always made control 
isolations of the plants involved in the crosses at the same time. From 
the number of seeds obtained in these isolations it has been possible to 


_ determine the degree of self-fertility, and plants in which self-fertility 


exceeded a low arbitrary limit (10 seeds per two isolated panicles) were 
excluded. In Table 1 some of the resultant data are given. 

Most of the plants are highly self-sterile giving less than 5 seeds per 
two panicles. As the total number of flowers per panicle is about 150— 
200, the per cent seed set is very low. The results are in good agreement 
with those obtained by NILSSON. 

As the first crosses already showed that non-disjunction of the 
accessory chromosomes takes place only in the pollen grain (BOSEMARK, 
1950, 1954), my interest was centered on studying the effectiveness of 
this mechanism in plants of different origin. In such crosses of the type 


TABLE 1. Self-fertility in Festuca pratensis. 


Number of plants with respective number of seeds 


Year from two isolated panicles 





0 5 10 15 20 25 30 35 40 45 50 55 60 
1949 40 13 + 7 1 3 1 1 
1950 62 15 4 6 2 1 1 
Total 102 28 8 13 3 3 1 1 1 1 
28 
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TABLE 2. Crosses of the type (14+1 acc.) X14 and 14X(14+1 acc.). 


Parents F, 
N ‘ 2 . ace. 

Crosses Plant Nos. a” Number of acc. chr. “a bse 

Q ‘ef OF ey 0 1 2 3 plants plant 
K1/49 84x 86 1x0 47 18 65 0,28 
K2/49 86x 84 0x1 50 20 30 100 0,80 
K86/50 493 x 492 1x0 50 32 2 1 85 0,46 
K85/50 492 x 493 0x1 52 3 35 90 0,81 
K70/50 437 X 436 1x0 18 12 1 31 0,48 
K69/50 436 x 437 0x1 36 16 8 60 0,53 
K83/50 491 492 1x0 88 64 1 1 154 0,45 
K84/50 492 491 0x1 21 17 7 45 0,69 
K71/50 437 x 438 1x0 21 23 44 0,52 
K72/50 438 x 437 0x1 21 16 1 38 0,47 
K51/51 600 x 599 1x0 40 31 71 0,44 
K50/51 599 x 600 0x1 39 4 21 3 67 0,82 


14X(14+1 acc.) and 14X(14+2 acc.) self-fertility of the maternal 
parent does not affect the ratio between progeny plants having one and 
two accessory chromosomes. 

Crosses of the type (14+1 acc.) X14 and 14X (14+ 1 acc.). — 
During the years 1949—1951 altogether 21 crosses (14+1 acc.) X14 and 
22 in the reciprocal direction were analysed. Table 2 gives some 
examples from these crosses. 

As seen from the data, there is no numerical increase of accessory 
chromosomes on the female side. On the male side, on the other hand, 
there is in some crosses a very marked increase in the number of 
plants with two accessory chromosomes, resulting in a mean number of 
accessories much higher than the 0,5 value, which would be expected 
without elimination and a mechanism for increase. The mean number 
of accessory chromosomes in crosses of the type 14 X (14+1 acc.) may 
be affected by self-fertilization in the maternal parent, degree of meiotic 
elimination and frequency of non-disjunction in the paternal parent and 
by directed fertilization. The amount of self-fertilization was low in the 
plants used, and no evidence for directed fertilization found, although 
such a mechanism cannot be entirely excluded, especially as it has been 
shown to be at work in maize with accessory chromosomes (ROMAN, 
1948). Be this as it may, the effect of all these processes together can be 
checked by comparing number of plants with and without accessory 
chromosomes. As seen from the table, there is a certain amount of 
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variation with respect to these figures in different crosses, but only in 
a few of them have the accessories been lost to a higher degree. A much 
more interesting variation is the one between number of plants with 
one and two accessories in the crosses 14X(14+1 acc.), where the 
figures tell us to what extent non-disjunction has taken place. The ex- 
tremes are represented by K85/50 with 35 successful non-disjunctions 
out of 38 and K72/50 with only one successful out of 17. As the numbers 
to be compared are sometimes rather small, a test of heterogeneity 
for all available data from crosses of the type 14X(14+1 acc.) and 
14X (14+2 acc.) has been made to ascertain the difference between 
plants in this respect (Table 3). In the table the figures for plants lacking 
accessories have been excluded. 

The analysis shows a pronounced heterogeneity in all the years, 
and thus one can safely conclude that the non-disjunction me- 
chanism is less effective in some plants than in others. The next 
question that arises is whether this depends on variation in external 
environment, inherent differences between different accessory chromo- 
somes, or on differences in the internal environment provided for the 


TABLE 3. Number of plants with one and two accessory chromosomes 
in crosses of the types 14X (14+1 acc.) and 14X (14+ 2 ace.) from 
different years. 





1949 1950 1951 
Number of Per cent Number of Per cent Number of Per cent 
plants with plants with plants with plants with plants with plants with 
1 ace. 2 ace. 2 acc. lace. 2 ace. 2 acc. lace. 2 ace. 2 acc. 
20 30 60,0 11 f 26,7 5 20 80,0 
2 19 90,5 16 8 33,3 0 31 1000 
3 6 66,7 3 35 92,1 17 62 78,5 
4 13 76,5 4 10 71,4 5 31 86,1 
9 7 43,8 5 13 4232 21 48 69,6 
0 6 100.0 7 64 90,1 4 21 84,0 
0 5 100,0 10 58 85,3 
1 7 87,5 35 53 60,2 
10 12 54,5 16 1 5,9 
3 9 75,0 28 9 24,3 
0 32 100,0 17 7 29,2 
8 8 500 
4 13 76.5 
1 40 97,6 
65 207 : 76,1 152 262 63,3 52 213 80,4 
7° = 55,246 7° = 129,400 7° = 13,822 


P < 0,c01 P < 0,001 0.05 > P > 0,01 
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TABLE 4. Number of plants with one and two accessory chromosomes 
in crosses of the type 14x (14+-1 acc.) and 14X(14+2 acc.) made on 
the same day. 


Three crosses in the field ('4/6 1949) Five crosses in the greenhouse (!7/6 1951) 





Number of Per cent Number of Per cent 
plants with plants with plants with plants with 
1 ace. 2 acc. 2 ace. 1 ace. 2 acc. 2 acc. 
20 30 60,0 5 20 80,0 
2 19 90,5 0 31 100,0 
0 32 100,0 17 62 78,5 
5 31 86,1 
21 48 69,6 
22 81 78,6 48 192 80,0 
7° = 20,785 7° =13,402 
P < 0,001 P=0,01 


accessories by their host plants. This question I have tried to answer by 
repeating crosses in the same year, as well as in different years, and by 
crossing progeny plants from parents with well and poorly functioning 
non-disjunction mechanism with new test plants without accessory chro- 
mosomes. By repeating the same cross one should be able to find out 
the influence of the external environment; crossing progeny plants 
may reveal inherent differences between accessory chromosomes. I have 
not been able to obtain statistically significant data from these crosses. 
Although the number of plants has been relatively small the third al- 
ternative is indicated; the effectiveness of the non-disjunction mechan- 
ism is conditioned primarily by the internal plant environment. This 
hypothesis has been tested by comparing crosses made on the same day 
(Table 4). 

The 1949 crosses were made in the experimental field, those in 
1951 in a greenhouse to which all the plants were brought on the same 
day, well before meiosis had started. A z’-analysis of the data shows a 
marked heterogeneity in both years. This strongly suggests that other 
factors than variation in external conditions bring about the variation 
observed. This is in conformity with the cytological findings (BOSEMARK, 
1954), where it was shown that univalent accessory chromosomes in 
two plants having to some degree derived their accessories from the 
same mother plant reacted quite differently at anaphase I in meiosis, 
though they were growing nearly side by side in the field. It is thus 
highly probable that the physiology of the host plant is of great im- 
portance also with respect to the non-disjunction. This does not, ‘of 
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course, exclude the possibility that the external environment has a 
modifying influence, as is indeed very probable, or that accessory chro- 
mosomes of different origin are really different with respect to their 
capacity for non-disjunction. A better idea of the general effectiveness 
of the non-disjunction mechanism in plants with one accessory chro- 
mosome can be derived from Table 5, where all the data from crosses 
of the types 14x (14+1 acc.) and (14+1 acc.) X14 are, condensed. It 
should be pointed out that nearly all the plants used in these crosses were 
collected in natural populations covering most of the distribution range 
of the species in Sweden. The material thus is fairly representative and 
the results can be looked upon as a good mean for Swedish populations. 

As seen, the mean values for the total material within the different 
years agree quite well with each other except for the crosses in the 
direction 14 (14+1 acc.) in 1950. The mean accessory chromosome 
number is here 0,58 corresponding to 0,72 in 1949 and 0,67 in 1951. The 
difference is still more obvious if we compare the figures for one and 
two accessory chromosomes, respectively. Then we get 52 to 146 in 
1949 and 100 to 87 in 1950. The heterogeneity between all three years 
gives a 7°-value of 30,013 with a p-value smaller than 0,001. This difference 
could depend on differences between the materials used in the different 
years or between the environmental conditions. Although some of the 
plants used in the crosses in 1950 originated from more northern 
‘ localities than did the material in 1949, crosses involving plants from 
southern Sweden gave more or less the same results this year. The 
weather conditions during the period of flowering in 1950 were very 
bad, with heavy rainfalls, hail and storm; I am inclined to consider this 
partly responsible for the bad functioning of the non-disjunction, al- 


TABLE 5. Summary of all crosses 14 X (14+1 acc.) and 
(14+1 acc.) X14. 





Parents F, : 

Number of | Number a 1 Number M. acc. 

Year ace. chr. of 7 iin of chr. per 
OG crosses 0 1 2 3 plants plant 
1949 1x0 12 304 197 7 2 510 0,43 
» 0x1 11 279 52 146 477 0,72 
1950 1x0 7 307 200 5 3 515 0,43 
» 0x1 8 282 100 87 469 0,58 
1951 1x0 2 73 48 121 0,40 
» 0x1 3 107 25 42 3 177 0,67 
Total 1x0 21 684 445 2 5 1146 0,42 


1 
Oxi 22 668 177 275 3 1123 0,66 
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TABLE 6. Crosses of the type (14+2 acc.) X14 and 14X (14+2 acc.). 


Parents Fy 
Plant Number of ” Number M. ace. 
z Number of ace. chr. 
Crosses Nos. ace. chr. of chr. per 
Oo CG Od 0 1 2 3: ot plants plant 
K108/49 171X170 2x0 2 31 i 8 36 1,08 
K109/49 170X171 0x2 9 1 40 50 1,62 
K2/50 298 x 297 2x0 8 77 2 a 88 0,95 
K1/50 297 < 298 0x2 7 7 64 12 90 2,03 
K66/50 384383 2x0 4 76 1 81 0,98 
K65/50 383x384 0x2 14 35 53 4 104 1,43 
K7/51 2/49 : 4290 2x0 3 36 39 0 92 
K8/51 290 x 2/49: 4 0x2 5 17 62 4 88 1,78 
K5/51 20/49 : 4 22/49 : 4 2x0 L Wd 4 80 1,04 
K6/51 22/49 :4x 20/49 : 4 0x2 3 21 48 72 1,63 


though this could not be proved statistically in the repeated crosses. 
Thus the effectiveness of non-disjunction is probably the result of an 
interaction of external as well as internal factors. The loss of accessory 
chromosomes in both directions amounts to about twenty per cent 
which must be considered a low figure as in general 70 per cent of the 
accessories divide at anaphase I in meiosis (BOSEMARK, 1954). The data 
now presented also show that it is very dangerous to draw any con- 
clusions with respect to the general effectiveness of the non-disjunction 
mechanism from a material limited with respect to number of crosses 
and origin. 


TABLE 7. Summary of all crosses (14+ 2 acc.) X14 and 
14X (14+2 acc.) 





Parents Fy 
Number of Number N Number M. ace. 
5 Number of ace. chr. 
Year ace. chr. of of chr. per 
OG crosses 0 1 2 8 4 5 plants plant 
1949 2x0 6 15 175 a 4143 2 4 210 1,12 
» 0x2 3 11 13 61 85 1,59 
1950 2x0 3 16 211 4 7 238 1,01 
» 0x2 3 31 52 175 15 273 1,64 
1951 2x0 4 8 215 12 235 1,02 
» 0x2 4 20 43 171 1 4 239 1,69 
Total 2x0 13 39 =601 20 20 2 1 683 1,05 


0x2 10 62 108 407 16 4 597 1,65 
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Crosses of the type (14+2 acc.) X14 and 14X(14+2 acc.). — As 
already mentioned, a number of crosses of this type have been made, 
and some results are given below. 

Here the greater regularity in the transmission of the accessory 
chromosomes at meiosis in plants with two accessories is reflected; the 
number of plants lacking accessories is low in both directions. With 
respect to non-disjunction the same variation as for the crosses involving 
plants with one accessory chromosome is present. In Table 7 the results 
from all the analysed crosses of this type are summarized. 

Also here the difference between years with respect to the non- 
disjunction is present though less marked. The ratios between numbers 
of plants with one and two accessory chromosomes for the respective 
years are: 1949, 13/61=0,21; 1950, 67/190=0,35, and 1951, 44/174=0,2s. 

Crosses between plants with higher numbers of accessory chromo- 
somes. — In Table 8 some of the data obtained in crossing plants with 
higher numbers of accessory chromosomes are given. 

It is striking that here some of the reciprocal crosses give about the 
same mean number of accessory chromosomes. In some crosses, for 
instance K117/49 and K73/49, this may depend partly on self-fertiliza- 
tion, although only plant 136 gave some seeds under isolation, whereas 
in K14/50 self-fertilization of the mother plant cannot be responsible 
for the low average number of accessory chromosomes. Here meiotic 
- elimination and a less effective non-disjunction mechanism are probably 
responsible for the result obtained. From the crosses K17/51 and K18/51 
it is, however, clear that high numbers of accessory chromosomes do 
not necessarily mean high elimination and a poorly functioning non- 
disjunction mechanism. With respect to meiotic elimination this has also 
been cytologically verified (BOSEMARK, 1954). Also with plants carrying 
still higher numbers of accessory chromosomes several crosses have 
been made, isolating together panicles in the way previously described. 
Most of these crosses gave very few seeds, and the results with respect 
to chromosome numbers are of little or no significance. For this reason 
I planted out in 1950 on an isolated spot eleven plants having from 5 
to 8 accessory chromosomes and let them flower openly together. There 
was no marked difference in earliness between the plants, and the 
different progenies can thus be considered more or less the result of a 
polycross. From each of the plants all the panicles were thrashed, the 
seeds obtained were mixed well and a sample of 100 seeds taken out from 
each of the mother plants. The result of the determinations of the chro- 
mosome numbers in these samples is seen in Table 9. The discrepancy 











TABLE 8. Crosses involving plants with higher numbers of accessory chromosomes. 


Parents Fy 
Number of 


Plant numbers Number of ace. chr. Number M. ace. 

Crosses ace. chr. of chr. per 

Q 3 Od 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 plants plant 
K13,50 820 x 821 4x0 1 16 18 4 2 1 37 1,81 
- K14/50 821 « 820 0x4 122 2 2 4 20 1,90 
- K43/49 124 145 Ox4 8 19 5 21 1 1 1 1 57 3,00 
a K118/49 214x213 4x1 2 13 6 68 644 1 1 1 41 3,15 
S| K117/49 213x214 1x4 ji 46 8 4 35 3,49 

o ’ 

; fa K74/49 208 x 136 4x3 5 9 5 22 2 1 34 5,00 
S| K73/49 136 x 208 3x4 2 8 10 15 8 1 44 4,52 
. Ki1/51 289 K58/49 : 2 0x5 43 4 4 8 12 1 1 \ 58 4,21 
5 K17/51 212 K34/48 : 1 7x0 1 16 62? 43 11 2 1 136° 3,42 

K18/51 K34/48 : 1212 0x7 6 2 5 2 1 16 5,3 
K34/51 1151 « K56/49 : 5 Ey 3 a 2 39) OB Oe ad we 4D if 4 94* 7,34 


1 — One plant in addition one very small acc. chr. 
aes » had ring chromosomes. 
® — In addition one spontaneous triploid. 


4 — » » » » tetraploid. 
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between the number of seeds in the original seed sample and the num- 
bers in the table is the result of poor germination and the fact that 
chromosome counts could not be made in some of the plants. That these 
seeds, not germinating in the germination apparatus in 1951, did not 
represent any special chromosome numbers has been shown in 1952 
where a new sample of 100 seeds from the mother plant 997 germinating 
in a bench in the greenhouse gave 98 plants with practically the same 
chromosome number distribution as in 1951. These plants have there- 
fore been included in Table 9. 

The increase in average numbers of accessory chromosomes com- 
pared to the mother plants is here less marked than in the crosses 
between plants with lower numbers of accessories, but in no case is the 
average lower. One of the purposes of this intercross was to find out 
how high a number of accessory chromosomes could be obtained, and 
for the same reason I similarly intercrossed six plants with 13, 14 and 
15 accessories in an isolation cell in the greenhouse in 1952. Here I 
have determined the chromosome numbers in 59 progeny plants from 
one mother plant having 15 accessory chromosomes (Table 10). 

The range of accessory chromosome numbers here is from 4—19 
with a mean value of 11,83. Without meiotic elimination and with a well 
functioning non-disjunction mechanism one should expect much higher 
numbers of accessory chromosomes, but as this is not the case and as 
all the plants had very poor seed-set, I think that these numbers re- 
present the maximum that can be produced. In this connection I might 
point to the fact that in more than 600 plants with accessory chromo- 
somes collected in natural populations in Sweden and England not one 
had more than seven accessories and only about ten per cent had more 
than two. 





TABLE 10. Chromosome numbers in the progeny from a plant with 
2n=14+15 acc. intercrossed with five plants having 13, 14 and 15 
accessory chromosomes. 


Number of accessory chromosomes Total M. ace. chr. 
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 7 per plant 
Number 
of 
plants 1 — 47 3 38 38575 8 63 63! — 1 58°, ‘ 11,83 


* = One plant in addition one small acc. chr. 

2 » » » » two very small acc. chr. 
* = In addition one spontaneous triploid. 

4 =» » » » tetraploid. 
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In 1952 also a number of pair crosses involving plants with very 
high numbers of accessory chromosomes were made, but in all cases the 
plants were so highly sterile that only a few seeds were obtained from 
15—20 panicles. 

Another thing that can be studied in Table 10 and the two previous 
ones is that with increasing numbers of accessory chromosomes in the 
mothers the number of plants in the progenies with smaller types of 
accessories, true fragment chromosomes and ring chromosomes as well 
as triploids and tetraploids increases. This is in conformity with the 
cytological observations (BOSEMARK, 1954) where it was shown that 
disturbances in meiosis and pollen mitosis are frequent in these plants. 
With respect to the smaller types of accessory chromosomes these 
should, of course, be more common in these plants also for mere 
numerical reasons. 

Discussion and conclusion. — The present investigation has clearly 
shown that the non-disjunction of the accessory chromosomes in Festuca 
pratensis (BOSEMARK, 1950, 1954) takes place only in the pollen grain. 
The situation is the same as in Anthoxanthum (OSTERGREN, 1947), 
whereas in rye the mechanism is at work also in the embryo-sac 
(MUNTZING, 1945; HAKANSSON, 1948). In maize there is non-disjunction 
only on the male side, but here it occurs at the second division in the 
pollen grain and is accompanied by directed fertilization (ROMAN, 1947, 
1948, 1950), whereas in Sorghum, finally, the non-disjunction takes 
place in supernumerary divisions of the vegetative nucleus (DARLINGTON 
and THOMAS, 1941). 

Even with respect to the relatively low meiotic elimination of the 
accessory chromosomes the similarity between Festuca and Anthoxan- 
thum is striking. In rye the meiotic elimination is often pronounced, 
especially in »Ostgéta Grarag» (MUNTZING, 1945). The data for the 
transmission of the accessory chromosomes in maize presented by 
RANDOLPH (1941) do not indicate a very high degree of loss in crosses 
involving low numbers, which, as pointed out by OSTERGREN (1947), are 
the most important for maintenance in a population. MUNTZING (1946) 
considers the mechanism for numerical increase of the accessories in 
rye sufficient for their maintenance in the populations, and does not 
find it necessary to postulate a positive selective value for the accessory 
chromosomes. The same opinion is held by OSTERGREN (1947), whereas 
DARLINGTON and UrcoTtT (1941) from their data drew the conclusion 
that the accessory chromosomes in maize must possess some kind of 
positive effect. In Festuca pratensis the meiotic elimination of the ac- 
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cessory chromosomes in plants with low numbers is relatively low, and 
the general effectiveness of the non-disjunction mechanism must be 
considered quite good. Irrespective of the opinion held with regard to a 
positive selective value of low numbers of accessory chromosomes in 
this material, there is thus no evidence that the accessories are not cap- 
able of maintaining or even spreading themselves in natural populations. 


SUMMARY. 


(1) The inheritance of the standard type of accessory chromosomes 
in Festuca pratensis HUDS. was studied in different cross combinations. 

(2) Non-disjunction of the accessory chromosomes occurs only in 
the pollen grain. 

(3) The effectiveness of this mechanism for numerical increase of 
the accessories varies between individuals, probably largely depending 
on the genotype of the host plant. 

(4) The meiotic elimination as reflected by the crosses is fairly 
moderate even in crosses involving plants with only one accessory 
chromosome. 

(5) The progenies after crosses involving plants with high numbers 
of accessory chromosomes reflect the cytological disturbances in these 
plants. 

(6) The highest number of accessory chromosomes obtained in a 
cross is nineteen and due to the increasing sterility and cytological dis- 
turbances with increasing numbers of accessories this number is con- 
sidered to represent about the maximum that can be obtained. 

(7) The general effectiveness of the non-disjunction mechanism in 
combination with the fairly low meiotic elimination gives the accessory 
chromosomes quite good possibilities of maintaining themselves and 
. even spreading in a population even if a positive selective value of low 
numbers of accessories should not be at hand. 
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INTRASPECIFIC STERILITY IN OATS 


BY AKE AKERMAN and ARNE HAGBERG 


THE SWEDISH SEED ASSOCIATION, SVALOF, SWEDEN 





I. INTRODUCTION. 


\ \ J HEN plant breeding was started at Svaléf in 1886, several differ- 

ent oat varieties were grown in Sweden (ATTERBERG, 1889). 
Some of them were whitehulled, others were blackhulled. Among the 
whitehulled ones, the varieties belonging to the type Northern white oats 
were dominant in the southern and western parts of Sweden. In Scania 
and adjacent provinces it was, however, already superseded by Probstei 
oats, an indigenous variety from Holstein in Northern Germany. Prob- 
stei oats outyielded the Northern white oats, had a more stiff straw and 
a better grain quality. Selection of individual progeny strains, »pedi- 
grees», was made on a large scale in the Probstei oats (NILSSON-EHLE, 
1906), and as especially outstanding pedigree strains Golden Rain 
(Guldregn) (HJALMAR NILSSON, 1903) and Victory (Seger) (NILSSON- 
EHLE, 1908) are well known. 

In the eastern and northern parts of Sweden blackhulled varieties 
of oats were most commonly grown. In the southern part of this district, 
with its centre in the region around the lake Malaren, they used a 
special type, »the black oats of Central Sweden», and beside this an 
imported black, plumed oats (»Scotch» or »Tartary»). In the greater 
part of Norrland (=the northern half-part of Sweden), however, there 
was grown from of old an early type af black oats adapted to the growth 
conditions prevailing there and closely related to the black oats grown 
in northern Finland. 

The black oats of central Sweden (the varieties »Visings6», the 
black »Risp» oat from Kolbick and »Roslags» were the most commonly 
used) were grown far into this century on the stiff clays of central 
Sweden (MUNDT-PETERSEN, 1937). These indigenous varieties and the 
high-bred ones now mostly used, viz. Bell I—III and Great Mogul I and 
II, are characterized, among other things, by relatively late shooting 
and by good resistance to drought. Further, they have a better tillering 
capacity and are usually less damaged by the frit fly (Oscinis frit) than, 
for instance, Victory and Golden Rain (AKERMAN, 1951 b). With those 
characters the black oats of central Sweden are better adapted to the 
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dry and heavy clay soils in this region of Sweden than are the Probstei 
varieties (cf. NILSSON-EHLE, 1906 and AKERMAN, 1951 a). Sowing is often 
relatively late on these soils and, thus, followed by severe attacks of the 
larvae of the frit fly. 

‘With the exception of Fyris, these black oats, however, have a 
relatively poor grain quality. Thus, the hectolitre weight is low and so 
is the content of grain (content of husks is high) (TORSSELL and MAc 
KEY, 1947). Since a long time it has been attempted to combine the 
good characters of the Probstei varieties with those of the black oats. 
Crosses were carried out very early. Thus, two years before the re- 
discovery of the Mendelian laws, the F, generation of the cross Golden 
Rain X Bell I was growing in the fields at Svaloéf. From the year 1900 
on NILSSON-EHLE worked with this and other crosses of the same type 
especially from a theoretical point of view. 


Il. THE FERTILITY IN TWO WHITE x BLACK OAT 
CROSSES. 


In the year 1913 two crosses were made, Golden Rain X Bell II and 
Victory X Bell 11. AKERMAN took over the material as F, in 1915 and 
found that many of the F, plants were partially sterile. The parental 
material had a seed setting of, for Golden Rain 96,4 %, for Victory 
95,5 %, and for Bell II 91,8 %. 

The F, plants selected from the first cross as promising from differ- 
ent points of view had a seed setting of 87,7 %, on an average. They 
were grouped into 4 classes according to grain colour but there were 
no differences in fertility between these classes. The non-selected plants 
had an average seed setting of 84,9 %. In the second cross, Victory < 
Bell II, the fertility conditions were about the same. The selected plants 
had 88,9 % seed setting and the other group 86,1 %. The difference be- 
tween selected and non-selected plants is significant, t=5,s6 and P<0,001. 
(Table 1.) 

Thus, the progeny plants from these crosses showed a lower seed 
setting than the parents and it was supposed that this was caused by 
some kind of irregularity at meiosis or at fertilization and embryo devel- 
opment. Also in later generations partial sterility was observed, although 
no detailed data are available. 

During the four decades AKERMAN has handled the oat breeding at 
Sval6f a very great number of crosses between white and black oats 
have been carried out in order, first, to get a black oat with good grain 
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quality, secondly, to get a white oat with the growth rhythm of the black 
oat. The progenies from all these crosses have shown partial sterility 
or decreased seed setting. Very often this partial sterility has caused 
rejection in the selection work. No satisfactory combinations of the 
characters desired have as yet been obtained from this type of crosses. 
As a matter of fact some black oat varieties have been bred, Sirius I 
and Extra Bell I, which have a good grain quality, but none of them 
have the growth rhythm of the black oat and the adaptability to the 
dry clay soils of central Sweden. Not even varieties derived from the 
back crosses of these two varieties to the black oats Engelbrekt and 
Great Mogul II, viz., Sirius II and Extra Bell II, respectively, have the 
growth rhythm of the black oats. 

The work carried out to combine the white hull with the growth 
rhythm of the black oat has not been successful either; this in spite of 
the fact that hull colour is monofactorially inherited. Some of the pro- 
genies, however, have a greyish or brown hull colour, different from 
the Probstei varieties. This indicates a more complicated inheritance of 
hull colour. 

The experiencies related above indicate that from a genetical point 
of view the two types of oats are rather differentiated. This is in good 
agreement with the results obtained by FROIER (1946). He found in his 
mutation experiments that the two groups of oats have essential differ- 
ences in the genes regulating the chlorophyll formation. 


TABLE 1. Seed setting in F, plants of crosses between black and white 
oat varieties 1915. 
Per cent of seed setting 


68 70 72 74 76 78 80 82 84 & 88 90 92 94 96 98 100 M 
Golden RainX Bell Il 


As good selected a 13 224 2°42 2 88,3 
plants, grouped b 1 i?s3 3 3 1 89,3 
according to grain |c 3.4 4 2 2 1 4 87,6 
colour d 1 2 446 2 7 2 86,6 
Non-selected plants e : oe i 2242.3 4 Bye. 4 84,9 
Bell Il Xx Victory 

As good selected a 143 2 2 90,1 
plants, grouped b 12s 4 2 1 88,1 
according to grain |c 1 1 is 2 4 2 3 2 88,1 
colour d a: + 8-7 8 8-3 89,4 
Non-selected plants e 1 1 2 5111411171710 9 4 86,1 


Golden Rain has 96,4 %, Victory 95,5 % and Bell II 91,8 % of seed setting. 
The difference between selected and non-selected plants gives t=5,86 and P<1/1000. 
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III. CYTOLOGICAL ANALYSIS OF MEIOSIS. 


For further investigation of this partial sterility it was near at hand 
to study the meiosis of F, plants of crosses between these black and 
white oat types. In the summer of 1950, thus, crosses between black 
and white oats were carried out on a large scale by Dr. BERNSTROM. 
He, however, got no time to complete the investigation. The following 
varieties were used as parents in the crosses: 


Black. 
Roslags (indigenous variety) , 
Fyris (strain selected from the above), 
Great Mogul II (from the cross Bell II XGreat Mogul I), 
Visings6 (indigenous variety). 
White. 
Blenda (from the cross Star X Eagle), 
Eagle (from the cross v. Lochows Yellow oat X Victory), 
Sv 01583 b (from the cross Victory Xan indigenous variety) . 


Seed setting after crossing was, as usual for oats, not very good. 
Altogether we obtained 63 F, grains. These were sown spaced in the 
field and so was the corresponding parental material for comparison. 
Due to the spaced stand the plants had a very good tillering and were 
‘well developed but rather late in shooting and ripening. 

Panicles with pollen mother cells (P.M.C.) in stages of meiosis 
were fixed from every F, plant and from a corresponding number of 
parental plants. Fixation was made in Carnoy for 2 hours and after 
that the panicles were kept in 70 % alcohol before the work could be 
carried on. The glumes were then removed and the flowers with the 
now free anthers were washed in distilled water. They were treated for 
5—6 min. with n-HCl at 60° C, were washed and moved into Feulgen 
stain. P. M. C. were studied in squash preparations, which were made 
permanent by embedding in euparal. The meiosis stages from meta- 
phase I to the tetrads were studied. Samples of pollen in acetocarmine- 
glycerine preparations were studied to get informations about the pollen 
quality. 


1. MEIOSIS IN PARENTAL MATERIAL. 


In the present material of black and white oat varieties the study 
of meiosis has mainly been carried out at metaphase I. In some P. M. C. 
univalents were found. These are the most common type of irregularities 
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observed. They were found in 2,7 % of the P. M. C. studied. In 5 P. M. C. 
out of 700 studied, or in 0,7 %, we observed multivalents. This figure 
is a minimum value, since as a rule we have not been able to observe 
zigzag orientated multivalents, but only such as have formed open rings 
or chains. On the other hand, these of the latter types more often result 
in an irregular progeny (cf. HAGBERG, 1954). These »normally occurring 
meiotic irregularities» are certainly mainly caused by pairing between 
semihomologous chromosomes, belonging to different genomes of the 
allohexaploid oats. 

In the first anaphase of meiosis we have found lagging univalents 
in 2,4% of the P.M.C. These univalents are auto-orientated in the 
equatorial plane of the P. M. C. and are divided, each chromatid going 
to each of the two anaphase groups. As a rule, these »univalent chro- 
matids» are enclosed in the telophase and interkinesis nuclei. At sec- 
ond anaphase these chromatids are not able to divide once more 
normally (misdivision may happen, as will be later shown and dis- 
cussed). The chromatids are lagging and will be eliminated in many 
cases, forming micronuclei in the tetrads. One single case of a bridge at 
late first anaphase has been observed and it probably represents a rare 
occurrence in the parental material. 

As to differences between different parental lines in the frequency 
of irregularities, a slight tendency is to be observed. A »pure line» from 
an indigenous variety such as Visings6 is quite without irregularities in 
meiosis. The high-bred varieties from crosses, e.g. Blenda and Great 
Mogul II, have a higher degree of meiotic irregularities. They have not 
more than about 5% of P.M.C. with irregularities, however. The 
parental material here investigated is too small to give significance to 
this tendency. 


2. MEIOSIS IN THE F, GENERATION OF CROSSES BETWEEN BLACK 
AND WHITE OATS. 


Table 2 shows that the pollen quality of F, plants is slightly 
disturbed as compared with that of the parental material. There is, 
however, not a marked decrease of pollen fertility, but just a slight one. 
In studying meiosis, however, we found that at first metaphase there 
was a high frequency of irregularities. More than half of the P. M. C., 
or about 56 % of them, contained either univalents or multivalents or 
both types of disturbances. In some cells more than one multivalent 
were observed. The difference in frequency of irregularities between 
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TABLE 2. Pollen fertility in crosses between black and white oat 
varieties. 


(a) Parental and F, generations: 


Per cent of good pollen 


Generation 62 64...74 76 78 80 82 84 86 88 90 92 94 96 98 100M 
F, 1 1 2 : 3. 3 a 2 8 5 6 89,8 
i 1 7 5 13 40 16 96,2 


The difference between F, and P generation gives t= 6,87 and P< 1/1000. 


(b) Late generation: 
Per cent of good pollen 
87 88 89 90 91 92 93 94 95 96 97 98 99 100 M 
12 19 25 19 6 6 96,1 


Fert.-sel. 1 2 4 5 
Ster.-sel. 1 1 1 1 6 4 5 11 15 13 6 5 95,9 
P-generation 1 4 3 2 3 5 8 21 19 10 6 96,2 


the parental material and the F, is significant, 7°=504 and P much less 
than 0,001. The figure of the frequency of multivalents is a minimum as 
pointed out earlier; we were not able to detect all zigzag orientated 
tetravalents. 

Through studies of later meiotic stages we have possibilities to 
‘follow what happens in these irregular P. M. C. At first anaphase some 
univalents and some not co-orientated chromosomes, which were in- 
volved in tetravalents (cf. HAGBERG, 1954), will be lagging at the 
equatorial plane (Fig. 5). About 45 % of the P.M.C. were found to 
contain such laggards at this stage. The centromere in such a lagging 
chromosome will be auto-orientated and is divided as in a normal 
mitosis (Fig. 6). As a rule, the daughter chromatids reach the telophase 
groups in due time to get into the interkinesis nuclei. Sometimes, how- 
ever, we found micronuclei in the dyads (Fig. 10). 

In about 15 % of the P. M.C. at first anaphase bridges are found. 
In a few cases we also found fragments (Figs. 7 and 8) but very often 
fragments are lacking (cf. Mac Key, 1954, Figs. 5 and 6). A bridge 
without fragment is also found in the parental material. It looks, how- 
ever, as if the bridges in the F, material are more tough; termina- 
lization is delayed. In the F, plants the bridges from the first anaphase 
sometimes are still remaining during the second division. Most often, 
however, the bridge is broken or the chromatids are successfully se- 
parated without breakage before a cell wall is formed in the dyad. 
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Figs. 1—6. First metaphase and anaphase of meiosis of the F, generation of crosses 
between different varieties of black and white oats. More than 50 % of the P. M. C. 
contain univalents, multivalents or both types of irregularities. 
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Figs. 7—12. Later stages of meiosis in the same material. For discussion 
and explanation of the figures, see text. 
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Bridges without fragments are with great probability the result o/ 
pairing between two not fully homologous chromosomes (cf. HAGBERG, 
1954, Fig. 13). The difficulties in terminalization of the chiasmata are 
caused by and depending upon the degree of differences between the 
non-homologous segments (cf. MAC KEy, 1954, for wheat material and 
HAGBERG, 1954, for barley). 

It is rather probable that most cases of bridges in the material are 
of this type. Some times we found fragments without bridges and these 
fragments seem to be chromatin drops from already separated chro- 
mosomes. Fragments in P. M. C. with bridges may very well be of this 
origin and, thus, have nothing to do with the coexistent bridges (Fig. 39). 
The fragments are often far away from the bridges and seem no doubt 
to be drops of chromatin pulled off already terminalized »bridges» 
(Figs. 7 and 8). Probably they are eliminated and not included in the 
interkinesis nuclei. 

At second anaphase and telophase of meiosis we often observed the 
chromatids from chromosomes divided at first anaphase laying at the 
equatorial plane between the two groups of chromosomes, which are 
already normally divided (Figs. 10, 11, 12, 41 and 42). About half the 
number of P.M.C. (51 %) shows such lagging chromatids at second 
anaphase. Some of these chromatids reach the poles and are included 
in the nuclei. Many of them are not included, however, but form micro- 
nuclei in the tetrads (Figs. 44 and 45). Micronuclei are found in about 
43 % of the observed tetrads. 

At second anaphase cases of misdivision of the lagging chromatids 
are observed. Through this misdivision these chromatids escape elimi- 
nation; and in the pollen grains formed there will be chromosomes 
lacking one arm and the other arm will be doubled, i. e. formation of 
isochromosomes. 

In a few P.M. C. there are bridges found at second anaphase and 
telophase also (Figs. 42 and 43). Probably these are the result of sister 
reunion in broken, double chromatid bridges at first anaphase. Most of 
the bridges at first anaphase and telophase, however, were single chro- 
matid bridges; a breakage of such a bridge cannot give sister reunion. 
This is probably the reason why bridges are less common at second than 
at first anaphase. Inversions may play some role as the cause of bridges 
but we think that the common dishomology is valid as an explanation 
of most of the bridges. 

The meiotic irregularities described above have occurred in about 
the same frequencies in all the tested cross combinations between black 
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Figs. 13—30. Metaphase of meiosis of the F, generation of crosses between 
different varieties of black and white oats. Cf. Figs. 1—4. 


and white oats. Significant differences have not been observed in the 
limited material investigated. The important result is, however, the 
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Figs. 31—45. Later stages of meiosis in the same material. Cf. Figs. 5—12. 
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significant difference of meiotic irregularities between parental line 
material on one side and the F, material of the cross black X white on 
the other. The fertility, pollen quality, as well as seed setting, is slightly 
decreased (for decrease in pollen quality, see Table 2, t=6,s7 and 
P < 0,001). This decrease is, however, not reflecting the high degree of 
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meiotic disturbances. These may result in gametes with abnormal geno- 
types which, however, are not lethal due to the allohexaploidy of the oat. 


3. MEIOSIS IN PLANTS OF LATER GENERATIONS OF THE CROSS 
BLACK X WHITE OATS. 


An older material has been grown at the same time and on the 
same field, and in some plants meiosis has been studied. These plants 
were divided into two groups: one selected for high fertility and one for 
low. Pollen fertility was determined in both groups, altogether 168 
plants were studied. There was, however, several generations after 
crossing no difference between the groups and no difference between 
the parental material and the cross-progenies (see Table 2 b). 

Meiosis was studied in 11 plants. One of them showed irregularities 
at first metaphase in 20 % of the P. M. C. and in two other plants there 
were found irregularities in 6, respectively 7 % of P. M. C. studied. The 
remaining eight plants had the same frequency of disturbances as ob- 
served in the parental material. In later meiotic stages we also found 
in the three irregular plants a somewhat higher frequency of disturb- 
ances — laggards and chromatid bridges — than normally observed. 
The number of chromosomes was, unfortunately, not estimated in the 
plants. In the F, generation there will certainly occur a variation in 
’ chromosome number and in structure of the individual chromosomes 
causing complications at meiosis in many of these F, plants. This will 
be more thoroughly investigated and described in another paper. 


IV. DISCUSSION. 


In allopolyploid plants, as for instance oats, pairing between not 
fully homologous chromosomes sometimes will occur normally. The 
degree of this pairing depends upon how related the different genomes 
included are. This type of pairing will result in multivalents and some- 
times in univalents. Such irregularities are also found to some extent 
in the oat varieties studied, the black as well as the white ones. Meiotic 
irregularities, however, seem to be more common in cross-bred strains 
than in »pure line» material. Probably, as a rule, there are some 
smaller structural differences between the lines selected from crosses. 
GUSTAFSSON (1947) has shown that there is a tendency to higher fre- 
quency of mutations in varieties which originate from crosses than in 
»pure line» varieties. 
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In the present material we found a frequency of P.M.C. with 
meiotic irregularities at first metaphase of about 3 %. HOWARD (1948) 
has described meiosis in some oat varieties, used in certain crosses. 
For the three varieties investigated he found 0, 1,5 and 4,8 %, respect- 
ively. Mac KEy (1954) has given a summarizing review of correspond- 
ing investigations of wheat varieties. Much more such studies are made 
on wheat than on oats. Both crops are, however, self-fertilized, allo- 
hexaploid species and since long time cultivated. The meiotic conditions 
seem to be very much the same in both these species. Thus, MAc KEy 
(l.c.) for different varieties of wheat stated that the frequency of P.M.C. 
with meiotic irregularities varies from 0,6 to 10 %. In his own material, 
the winter wheat variety Skandia III, Mac Key found 4,2% of the 
P. M. C. with irregularities in meiosis. Multivalents are formed by pair- 
ing of semihomologous chromosomes and single univalents may also be 
a result of this mode of pairing. The present oat material behaves just 
as the wheat material and we found a slightly higher frequency of 
meiotic disturbances than did HOwarpD. He has, however, mainly 
studied anaphase I and later stages and that will probably be the 
cause of the difference. 

HOWARD (1947) has also studied crosses between closely related 
oat varieties. In the F, material he found a slightly higher frequency of 
meiotic disturbances than in the pure parental strains. JOSHI (1951) has 
got the same result: 3,6 % in crosses and less than 2 % in the parental 
lines. The frequency is, however, of about the same order of size as 
found in the parental material. On the other hand, when HOWARD 
(l. c.) crossed as far differentiated parental varieties as a winter oat and 
a spring oat, he found in the F, plants a much higher frequency of 
meiotic irregularities. This frequency varied from 17 to 28 % in his 
material. JosHi (1951) found in the same crosses 14—31 %. In the 
crosses between black and white oat varieties we found as an average 
56 % of the P. M. C. with observable meiotic irregularities. This cannot 
be caused by semihomologous pairing only but is probably caused by a 
structural differentiation which is of the same order as the inter- 
specific differentiation between Avena species with 42 chromosomes 
(JosHI, 1951). Without giving any detailed data, Mac Key (1954) 
states from experiences of his wheat material that »hybridization and 
especially crosses between widely separated varieties considerably in- 
crease the frequency of irregularities». 

In another paper HowarD (1948) studied different plants of the 
variety Picton, which was bred from a cross between winter and spring 
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oats. He found great differences in the meiotic behaviour of the differ- 
ent plants. Some plants had about 50 % of the P.M.C. irregular and 
some single plants had each P. M. C. irregular. As an average, however, 
the Picton plants had about 4 % of their P. M.C. irregular. The pro- 
geny of an irregular Picton plant was studied by JOSHI as to the somatic 
chromosome numbers and the meiotic behaviour. Most of the plants 
were aneuploids and their meiosis was, of course, not quite regular. 

These results are in good agreement with the experience from the 
breeding work with black X white oat crosses and with the results ob- 
tained from cytological studies of this cross. There is certainly a differ- 
entiation in chromosome structure between these far related oat 
varieties. This may also be in good agreement with FROIER’s (1946) 
statement that there are essential genotypic differences between black 
and white oats as to the chlorophyll factors. In polyploid self-fertilizers 
this differentiation in chromosome structure can occur to an extent 
which often is not possible in a cross-fertilizer or in a diploid crop. We 
may here only cite MUNTZING’s (1938) thorough investigations of the 
allotetraploid species Galeopsis Tetrahit. 


SUMMARY. 


Since a long time it has been a desire to combine the habit of 
growth of the black oats of central Sweden with the grain quality and 
other valuable characters of the Probstei oat type grown in southern 
Sweden. The crossed material has, however, shown a partial sterility 
and the breeding work has not been fully successful. A cytological 
analysis of the meiosis of F, plants shows that more than half of the 
pollen mother cells are irregular in some way or other. The different 
types of meiotic irregularities observed are described and discussed. 
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HYBRIDIZATION OF WHEAT AND RYE 
AFTER EMBRYO TRANSPLANTATION 


BY OVE L. HALL 


INSTITUTE OF GENETICS, UNIVERSITY OF LUND, SWEDEN 





I. INTRODUCTION. 


Re several years investigations on hybrids between wheat and rye 
have been made at the Institute of Genetics at Lund (cf. MUNTZING, 
1939, 1943, 1948). In this connection a paper by PISSAREV and VINO- 
GRADOVA (1944), dealing with the effect of embryo transplantation on 
the crossability of wheat and rye, is of special interest. 

During their hybridization work, PISSAREV and VINOGRADOVA ob- 
served that the embryos and endosperm began to develop after pollina- 
tion of the wheat flowers by rye pollen, but that in most cases further 
growth of the organs soon ceased completely. They consider that this 
disturbance partly depends on biochemical differences between the 
components used in the crosses and that this barrier may be overcome 
by embryo transplantation. By this technique it should be possible to 
modify the components used, with increased ability of hybridization 


_ as a result. Their arguments are strengthened by results gained by 


SCHANDER on the part played by the endosperm in the development of 
the plant (SCHANDER, 1934). 

PISSAREV has worked out a technique for transplantation, described 
as follows: »The embryo together with the scutellum was cut from the 
dry caryopsis with the help of a safety-razor blade; care was taken to 
cut as little endosperm as possible. The embryo was then transferred 
on to the ’endosperm wilding’ whose embryo had preliminarily been 
cut out. The graft embryo was fixed in place by means of a paste 
prepared from a flour of the same genus to which the ‘endosperm 
wilding’ belonged». 

According to PISSAREV and VINOGRADOVA, the wheat plant growing 
from the rye endosperm did not differ in morphological respects from 
the controls, but on the other hand there was a chemical difference. It 
was also apparent that the wheat transplanted on to the rye endosperm 
had a higher degree of crossability with rye compared with ordinary 
wheat. Three different varieties of wheat were investigated, Lutescens 
62, Hybrid 170 and Aurora. The results of the crosses are summarized 
in the table below. 
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Percentage of successful crosses. 


Variety Control group Grafted group 
SSMPESOPNG Whe 3s hiscecse~s% 4,3 25 
REVO APO. . cies 0is 5 52005000 3,4 11,5 
Reo ssa hoch sonesects 2,8 19,2 


This surprising result led to the present investigation carried out 
with Swedish material. 


Il. EXPERIMENTAL WORK. 


A preliminary experiment was started in the spring of 1952 when, 
during the last week of April, 200 transplantations of wheat embryos 
on to rye endosperm were carried out. The spring wheat variety »Ella» 
and the spring rye variety »Od» were the material used. The methodical 
instructions given by PISSAREV and VINOGRADOVA for the transplanta- 
tion of embryos were followed exactly. About an hour after the wheat 
embryo had been transferred to the rye endosperm, the »graft-kernel» 
was placed in sterilized soil in small pots. At the same time 200 un- 
treated wheat kernels were also planted as control material. When the 
plants had reached a height of about 15 cms, they were moved from 
the greenhouse into outdoor frames. At the end of June 1005 flowers 
were emasculated in the transplanted group, as well as 206 flowers in 
the control group; the ears were isolated in pergamyn bags. The 
emasculated wheat flowers were pollinated with rye pollen after a week. 
About six weeks later the kernels produced were harvested. In the trans- 
planted group, 17 hybrid kernels had been formed by the 1005 flowers 
pollinated, while on the other hand no kernels had been formed by the 
206 pollinated flowers in the control group. The considerable differ- 
ence between the number of flowers treated in the two groups was due 
to a long period of bad weather that hindered work, and also to an 
irregular supply of rye pollen. 

It should be mentioned that both this year’s emasculating and 
pollination work and next year’s, which will be described below, was 
carried out by experienced personnel accustomed to such work, but 
without knowledge of the aim of the experiment. 

On the basis of the above figures it was obviously impossible to 
draw definite conclusions as to the effect of embryo transplantation . 
on the crossability of the two varieties used. There was an indication i 
of a positive result, however, which stimulated to further experiments. 
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At the beginning of April, 1953, a new experiment was thus started, 
this time on a larger scale. 500 transplantations of wheat embryos on 
to rye endosperm were then made. This group will from now on be 
called the V/R group. In addition, the same amount of transplantations 
of wheat embryos were made on to another wheat endosperm of the 
same variety. The latter group formed the control material and is called 
V/V below. As in the previous year’s experiment, the transplantations 
were carried out according to PISSAREV and VINOGRADOVA’s instruc- 
tions, and Ella spring wheat and Od spring rye were used this 
time, too. 

The »graft-kernels» were planted in sterilized soil in small pots, 
placed in a greenhouse at a temperature of 20° C. 500 untreated wheat 
kernels were now also planted to determine the vitality of the sowing, 
as well as 200 detached embryos. The purpose of doing this was both 
to decide whether the detached embryos could be developed without 
their endosperm, and to what extent the embryos made use of the endo- 
sperm on to which they had been transplanted. 

After about three weeks the material was moved from the green- 
house and put in frames. It was placed in groups with the four above- 
mentioned groups side by side. With the exception of the plants that 
had their endosperm removed, the plants showed normal speed of 
growth and there was not any noticeable difference between the groups. 
The group with the detached embryos was even at an early stage less 
developed and had a lower speed of growth compared with the three 
other groups. In the middle of June when the plants were ready to be 
emasculated, there were 276 plants with ears in the V/R group and 
417 plants with ears in the V/V group. 438 plants with ears had grown 
from the untreated wheat kernels and 27 from the detached embryos. 
87 % of the untreated kernels had thus produced plants with ears, 83 
and 55 being the corresponding percentages for the V/V and V/R groups. 
Only 13 % of the detached embryos had germinated and grown into 
mature plants. It can at once be seen from the figures that there is a 
highly pronounced difference in the ability of the embryos to be devel- 
oped if they have been detached, or if there has been an available endo- 
sperm they could utilize. The embryos transplanted to another wheat 
endosperm develop six times more often into plants than the detached 
embryos. The wheat embryos transferred to rye endosperm grow into 
plants with ears four times more frequently than the wheat embryos 
detached from their endosperm. 

There is also a significant difference between the V/V and V/R 
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categories. The percentage values 83 and 55 were obtained from the 
absolute ratios 417 : 83 and 276: 224. A zy’ test was made giving a 7° of 
93 and a P smaller than 0,001. 


Ill. POLLINATION RESULTS. 


2813 flowers from 101 plants in the V/V group and 2897 flowers 
from 102 plants in the V/R group were emasculated during the time 
from the 18th to the 20th of June. The ears were isolated after emascul- 
ation in pergamyn bags. After about a week the emasculated flowers 
were pollinated with rye pollen and the ears again isolated. 

About the end of July and the beginning of August the experi- 
mental plots were harvested and the amount of kernels obtained after 
pollination was counted for each ear. It turned out that there were in 
all 75 hybrid kernels in the V/V group, i.e. the control group, while 
there were 400 in the V/R group, i.e. the experimental group. The 
figures for the successful crosses were 2,6 % for the control material 
and 13,s % for the V/R group. Thus, the wheat transplanted on to rye 
endosperm formed about five times as many hybrid kernels as the 
wheat transplanted on to wheat endosperm. 

The significance of the difference in the amount of kernels ob- 
tained between the groups V/V and V/R can be verified according to the 
7° method below: 





Number of Number of 
unsuccessful successful 
crosses crosses n 
WIN ecco ase 2738 75 2813 
DAR eos meter ts 2497 400 2897 
Total 5235 475 5710 


A comparison between the above ratios gave a z° value of 230 
which for 1 degree of freedom corresponds to a P-value much smaller 
than 0,001. As the two groups had been treated in the same way and 
grown up under similar conditions, the conclusion must be drawn that 
the factor that was different in the groups also gave rise to the differ- 
ence in crossability. This factor has been the endosperm on which the 
respective embryos have been developed. 

The results of the experiment described up to now can be sum- 
marized in the following table: 
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- Untreated Detached 

ait — ™ wheat embryos 
Number of kernels planted ..... 500 500 500 200 
Number of plants with ears ..... 417 276 438 27 
Percentage of plants with ears .. 83 55 87 13 
Number of pollinated flowers .... 2813 2897 — — 
Number of hybrid kernels ...... 75 400 — — 
Percentage of hybrid kernels ... 2,6 13,8 _ — 


How the hybrid kernels were distributed among the different 
plants is apparent from the columns below: 


ping Number of plants a Number of plants 
V/V V/R VIV V/R 
0 60 28 12 0 3 
1 18 18 13 0 1 
2 11 14 14 0 1 
3 9 10 15 0 3 
4 3 3 16 0 1 
5 0 5 17 0 0 
6 0 2 18 0 1 
7 0 0 19 0 1 
8 0 + 20 0 0 
9 0 3 21 0 0 
10 0 1 22 0 1 
11 0 2 


Evidently 60 plants in the V/V group were completely without 
hybrid kernels, while only 28 plants in the V/R group had not formed 
any kernels. The maximum formed has been 4 kernels per ear in the 
control material, but an ear with not less than 22 hybrid kernels was 
found in the V/R group. 

From what has been said above, it is clear that part of the result 
that PISSAREV and VINOGRADOVA reported in their work quoted above, 
could be reproduced. It has been shown with great statistical certainty 
that the crossability between Ella spring wheat and Od spring rye can 
be increased if the wheat plants used for the crosses are derived from 
embryos which were transplanted on to rye endosperm. 

Also this year (1954) similar experiments are under way with ker- 
nels obtained from plants used in 1953 as material. Last year’s hybrid 
kernels have been planted; the plants obtained from them will be 
studied. 

Biochemical analyses of the material used is also being carried out 
parallel with this work. This is primarily aiming at a comparison of 
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the composition of the aminoacids and carbohydrates in the different 
cereals used. Varieties of wheat and rye, other than those mentioned 
above, will also be studied. 


June, 1954. 
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THE CYTOLOGICAL BASIS OF POLY- 
MORPHISM IN POA ALPINA 


BY ARNE MUNTZING 


INSTITUTE OF GENETICS, LUND, SWEDEN 





I. INTRODUCTION. 


ie the large grass genus Poa the basic chromosome number is known 

to be 7, but in some of the apomictic species aneuploidy prevails and 
at the same time there is a marked intraspecific variation in chromo- 
some number. Thus, for instance, in Poa pratensis the majority of the 
apomictic biotypes have numbers ranging from 50 to 100 (cf. MUNTZING, 
1932; AKERBERG, 1941; HARTUNG, 1946), whereas in Poa alpina most of 
the Scandinavian and Swiss apomicts have numbers between 25 and 50 
(cf. MUNTZING, 1932, 1940). 

Poa alpina is frequent in North Sweden, where it is met with not 
only in the alpine and subalpine regions, but also in the lowland. The 
species also occurs in some regions in South Sweden, presumably as a 
glacial relic, and this is especially true of the two large islands Oland 


_and Gotland in the Baltic Sea off the Southeastern part of the country. 


Poa alpina is also known to occur in some mountains in the province 
of Vastergétland in Southwest Sweden. 

In the papers cited above preliminary data on the chromosome 
variation of the species have been given, and with regard to the Swedish 
material it was found to be especially interesting that the same special 
aneuploid chromosome number, 33, was found to be present in the 
material from Vastergé6tland and Gotland and also in some of the North 
Swedish biotypes. Other North Swedish biotypes had 2n=38 and a 
strain from Oland had 2n=35. This preliminary information stimulated 
a more thorough investigation, the results of which are given in the 
present paper. 

In 1942 a collecting tour was undertaken in North Sweden, espec- 
ially in the province of Lapland, but seed samples were also gathered 
in the surrounding provinces of Jamtland, Norrbotten and Angerman- 
land. At higher altitudes no ripe seeds could be obtained and in 
such cases living plants were collected and sent to Svaléf for further 
examination. 

Material from Oland and Gotland was collected in 1944. The former 
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island was visited rather early in the season and therefore living plants 
had to be taken, no seeds being ripe. The other island, Gotland, was 
visited somewhat later and in this case seed material could be obtained. 
Additional material from Sweden, Norway, Iceland and Greenland was 
obtained thanks to the courtesy of several colleagues. My sincere thanks 
for this valuable collaboration are due to Doctors C. L. KIELLANDER, 
J. A. NANNFELDT, S. ERLANDSSON, G. OSTERGREN, N. ALBERTSSON, 
A. LOVE, M. WESTERGAARD, C. A. JORGENSEN, and E. RUNQUIST. During 
my own collecting trips Mrs. G. MUNTZING functioned as a sharp-sighted 
observer who discovered many biotypes which would otherwise have 
been overlooked. 

The seed material collected in North Sweden was germinated in 
the spring of 1943 and the full-grown plants studied in the summer of 
1944. Some of the plants collected in North Sweden in 1942 produced 
panicles and ripe seeds in the same year after transplantation to Svalof. 
Progenies of these plants were included in the material germinated in 
the spring of 1943. Other transplanted plants did not produce seeds 
until 1943, and in these cases progenies were raised in the spring of 
1945. At the same time the material from Oland and Gotland was 
germinated as well as new progenies from the North Swedish material 
studied in 1944. The Gotland material was raised from panicles collected 
in the natural habitats, the Oland material from panicles produced at 
Sval6éf in the year of transplantation. With few exceptions the progenies 
were raised from seeds of a single openpollinated panicle, each progeny 
consisting of 16 plants or a slightly lower number, owing to mortality 
in the field. 

As a rule, root-tip fixations were made of three plants per progeny 
and also, before that, of all the plants collected in the field and sent to 
Svalof. The root tips were fixed in diluted chrome-acetic-formalin, the 
plants before fixation being kept over-night at low temperature (slightly 
above zero) to bring about chromosome contraction which greatly 
facilitates the counts. The root tips were sectioned and stained with 
crystal violet. My sincere thanks are due to Miss. M. PALM and Miss 
J. WARDEN for valuable help with the somatic chromosome counts. 


Il. CHROMOSOMAL VARIATION. 


A summary of all chromosome numbers determined in the seed- 
producing biotypes is given in Table 1. With certain exceptions, to be 
discussed below, this table roughly expresses the chromosomal variation 
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TABLE 1. Somatic chromosome numbers in material from different 






































regions. 
Ceeue- North Sweden Gotland Oland | Norway | Iceland | Greenland 
wren Accu- To- | Accu- To- | Accu- To- | Accu- To- | Accu- To- | Accu- To- | 
number rate tal rate tal rate tal rate tal | rate - tal | rate - tal 
| | | 
26 . +t] | | 
a | | 
32 i 2 eee | 
33 116 10126 | 44 44 | 2 28]; «4 | 
34 — 11 5 5 -— fo.) ae 2 
35 ee 21 ze § 4 7 3 a —— fat 
36 ee E..ck Wirdeimcos eealiasces Giviitegtae Sealed 
37 14 9 23 1— 1; —~ —~—] 56— 56] — —— 
38 CGN: ose es we ee ee Se 1— 1 | 
39 37 9 46/ —— — ek PE ee ee 1— 1] 2 
40 12 1 13 6— 6] 11 2 13) — — — 1 1 —-— 
41 1— 1 72061 «73 102 10112; — — — —-— — 
42 10 2 12 1 1 1 — 1 | — 1 1 ——|2 24 
43 723s 3 3 5 — 5 | — 3 8 —— | 4 4 
44 49 5 54 3 3 | ——|]- — 1 1 | 1 1 
45 10 3 13 3 3 —-—|—- — | 3 3 
ee ee eS 
47 — a ae | — ——|— — | | — = 
48 i a2 — — | = | | 1 1 
49 ‘a tae - a on oe 
50 . + €1 w sie te <= — 
51 = = —-—|— = 
52 — — ——| 1 1 
ws os aie | 
60 L 1 — — | | 
61 | . 2 
Total | 449 73 522| 140 2142| 127 18145 | 21 15 36 | 16 420 | 2 12 14 


in the different regions studied. The 
accurate and + counts, the former being represented by three differ- 
ent somatic plates giving the same value, the latter ones by cases in 
which fixation was less satisfactory, the plates giving slightly different 
values. The relative frequencies of accurate and + counts differed in 
the various groups, the Gotland material giving the best results and the 
Greenland material the worst. 

Starting with the North Swedish material (chiefly from Lapland) 
we find that 18 or 19 different chromosome numbers are represented, 
ranging from 32 (or possibly +26) to 50. The predominating numbers 


values given are differentiated into 
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are 38 and 33 and a third maximum is present at 44. Many plants were 
also found to have 39 chromosomes, whereas the other numbers are 
relatively rare. Thus, there is certainly no random distribution of the 
chromosome numbers but rather a few very pronounced peaks. 

The Gotland material is rather interesting by showing two very 
clear maxima, one at 41 and the other one at 33. Thus, one of the 
maxima is represented by the same chromosome number as in one of 
the predominating maxima of the North Swedish material, whereas the 
other and predominating peak is quite new, the number 41 being re- 
presented by more than half of the Gotland material but only by a 
single plant in the material from North Sweden. 

The counts from the Oland material revealed one important similar- 
ity to and one important difference from the Gotland material, the 
number 41 being quite predominating in Oland and the number 33 quite 
absent. Instead, there is a small group with 35 chromosomes and a few 
other chromosome numbers. 

The small material from Norway indicates a similar chromosomal 
variation as in North Sweden, the numbers found ranging from 32 to 
52 with one rather clear maximum at 33. The material from /celand 
and Greenland shows a variation from 33 to 48 and is further discussed 
on pp. 489—491. 


TABLE 2. Chromosome numbers in viviparous plants from 
North Sweden. 





| Chromosome number: 


n 
| 88 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 | 

















Accurate sian | a ee SS 1— 6 ;}28 
a i. 1 2 eae ee 2 ee YT Se 2 we 2 
Total |1 6 8— 1— 5 21612 1—— 1—— 1 216 |67 


A special category is represented by viviparous plants from North 
Sweden, in which the above result was obtained (Table 2). A total 
of 67 plants belonging to 18 different progenies were examined. The 
fixations were not very satisfactory and therefore the majority of the 
counts are included in the + category. Nevertheless, a series of differ- 
ent chromosome numbers are represented and among these some (54, 
55, 56) that are higher than those found in the seed-forming plants 
from the same regions. On an average the chromosome numbers of the 
viviparous plants show a range (38 to 56) which seems to be higher 
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than that found in the seed-forming plants (26 to 50). This will be 
further discussed below in connection with the analyses of the frequency 
and distribution of the different biotypes (pp. 488—489). 


III. CONSTANCY AND FORMATION OF ABERRANT 
PLANTS. 


1. FREQUENCY OF ABERRANTS. 


Most of the progenies raised appeared to be quite uniform, making 
it easy to decide whether two such progenies growing side by side were 





Figs. 1—4, cases of aberrant plants (to the right) and the corresponding normal 
plants (to the left). —- Figs. 1—2, in a biotype from Kongsvold, Norway; Figs. 3—4, in 
a biotype from Mount Kerkau, Saltoluokta, Lapland. 
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morphologically identical or dissimilar. In several progenies, however, 
one or a few more or less deviating plants were sometimes observed, 
these aberrant plants usually being weaker than the normal sister 
plants (Figs. 1—4). Sometimes it was uncertain whether the aberrants 
were really genotypically deviating or mere modifications, but in- 
formation on this point could be obtained by raising progenies from 
such suspected plants. 


TABLE 3. Frequency of aberrant plants. 

















| | Percentage of aberrants | ae Total | Total Percen- 

: per progeny sites ag number | numberof | tage of 
Region | of . 

7 iaiiiats of typical | aberrant | aberrant 

| 0 | 0 — 10 — 20 -- 39 | Progenie plants | _ plants plants 

| North Sweden 148 167 1 172 | 2670 35 1,29 

| oe 

| Oland | 32 |10 1 1 | 44 | 696 18 2,52 

| Gotland | 30 | 6 1 | 37 |, 609 10 1,62 








The frequency of aberrant plants was determined with the result 
given in Table 3. Out of 172 progenies of the North Swedish material 
(each progeny consisting of from 10 to 16 plants) 148 were quite uni- 
form but in 24 progenies one or a few deviating plants did occur. The 
percentage of such plants per progeny was generally lower than 10. 
Out of 44 progenies from Oland 32 were uniform and 12 contained 
something between 0 and 30 per cent aberrant plants. The correspond- 
ing values from Gotland are 30 uniform progenies and 7 containing 
from 0 to 20 per cent aberrants. 

Table 3 also gives the total number of typical and aberrant plants 
observed. These values also include the data from a few progenies con- 
taining less than 10 individuals. The percentages of clearly or possibly 
aberrant plants were found to be as low as 1,29 for North Sweden, 2,52 
for Oland and 1,62 for Gotland. Thus, complete constancy is the rule, 
but now and then a few deviating plants will be formed. 


2. CHROMOSOME NUMBERS AND VIGOUR OF THE 
ABERRANT PLANTS. 


As the chromosome number was determined only in three plants 
per progeny, these plants being taken at random, it only happened in 
seven cases that root tips of the aberrant plants were fixed and the 
chromosome numbers determined. In five other cases progenies of the 
aberrant plants were raised and cytologically examined and allowed 
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conclusions as to the probable chromosome number of the mother plant. 
The following data were thus obtained: 


Direct counts Indirect conclusions 
Typical number Aberrant number Typical number Aberrant number 
38 35 38 36 
40 38 33 31 
37 35 44 42 
41 37 33 49 
41 42 33 + 50 
33 33+1f 

41 + 61 


The data demonstrate that in all these cases the morphologically 
deviating plants were also cytologically deviating, the aberrant mor- 
phology being accompanied and certainly caused by the changed chro- 
mosomal constitution. In one case the difference is very slight, an 
extra chromosome fragment being present in the aberrant (and its 
progeny; cf. below), in the other cases it is more obvious. This is 
especially true of the three cases in which the aberrant is + triploid in 
relation to the typical plants, the three pairs of chromosome numbers 
being 41—+61, 33 — 49 and 33—+50. Otherwise the aberrant plants 
have usually somewhat lower chromosome numbers than the normal 


' sister plants, this being observed in 7 cases out of 9. In one case the 


aberrant has one chromosome more than the normal sister plants, in 
the case already mentioned it had an extra fragment. 

Finally, it should be mentioned that in two cases plants were found 
to have lower chromosome numbers than their sister plants although 
no morphological difference had been observed in the field. In one case 
the typical chromosome number was presumably 39, the aberrant 
number 37, the corresponding values in the other case being 37 and 35. 
In spite of these two cases, where a possible morphological. difference 
may have been overlooked, it is obvious that a more or less slight 
change in chromosome number generally leads to a change in mor- 
phology. 

In the first place the aberrant plants were detected on account of 
their reduced vigour, this reduction ranging from scarcely observable 
changes to quite poor dwarf plants. At the same time purely morpholog- 
ical changes were more or less obvious. Fertility was not studied in 
these plants, it may have been reduced but was at any rate sufficient to 
allow progenies to be raised without difficulty. 
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3. PROGENIES OF ABERRANT PLANTS. 


Pairs of progenies from aberrant and normal sister plants were 
raised in 11 cases. In one of these the data are not yet conclusive. The 
remaining 10 cases may be grouped under the following headings. 


A. CHROMOSOME NUMBERS OF ABERRANT PLANTS SOMEWHAT REDUCED. 
PROGENIES WITH POOR VIGOUR BUT PREDOMINANTLY CONSTANT. 


Four cases belong to this category. Case a was observed in a strain 
from Ulriksfors (Jémtland) having 2n=38. This chromosome number 
was found in three plants of the first generation and again in three 
other plants of a daughter progeny. This progeny consisted of 16 plants 
and was quite uniform. In the original progeny one plant had been 
denoted »aberrant» ?, the chromosome number not being known. It gave 
rise to a progeny consisting of 14 plants of poor vigour, these plants 
being somewhat but not strongly variable. Chromosome counts were 
undertaken in 8 of these plants, 7 having 2n=36 and 1 plant 2n=34. 
Thus, the mother plant had been a true aberrant probably having 
2n=36 like most of its progeny. 

Case b is represented by a strain from Kiruna (Lapland). Chro- 
mosome number of typical plants 2n=33 (determined in 6 plants be- 
longing to two generations). One plant in the first generation was de- 
noted »probably aberrant, shorter and weaker than the sister plants». 
18 daughter plants were raised which on an average had a very poor 
vigour and sharply differed from a sister plot represented by normal 
plants. 7 plants were cytologically examined and were all found to 
have 2n=31. Thus, the observed loss of vigour was due to loss of 2 
chromosomes. 

Case c is represented by a strain from Dorotea (Lapland), the 
normal chromosome number of the strain being 37. Progenies were 
raised from one aberrant and one normal individual, the latter progeny 
consisting of 16 very vigorous and uniform plants. The aberrant mother 
plant gave rise to 7 daughter plants which were identical inter se, small 
and gracile and much weaker than the normal plants of this strain. 
All these plants were found to have 2n= 32 (or in one case +31). 

Case d, finally, was met with in a strain from Nuolja (Lapland). 
The normal chromosome number of this strain is 44, this number 
being counted in 3 plants of the first generation and in 3 plants of the 
second generation. This latter progeny also comprised a plant with 
2n=41, which had died before the morphological observations were 
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made. One of the plants of the first generation was denoted »aberrant»? 
and gave a progeny of 20 plants, 2 of which died at an early stage, the 
remaining 18 plants on an average being very weak. 8 plants were 
fixed and found to have 2n=42 (or in one case + 42). 


B. CHROMOSOME NUMBERS OF ABERRANTS SOMEWHAT REDUCED. 
PROGENIES POOR AND VARIABLE. 


This category differs from the preceding one (A) by the occurrence 
of variation in the offspring of the aberrants. Case a is represented by 
a strain from Abisko (Lapland) in which the typical chromosome 
number is 38 (determined in 6 plants from two generations). The devi- 
ating plants had 35 chromosomes and gave rise to a weak and variable 
progeny consisting of 14 individuals. In 8 of these plants the chromo- 
some number was determined, 2 plants having 2n=35 like the mother 
but 6 plants being + triploid, their chromosome numbers being +50, 
+51, +54, +55, 53, 53. Thus, the aberrant plant was semiapomictic, 
many unreduced ovules being fertilized. 

Case b was met with in a strain from Nuolja (Lapland) having 
2n=44. A progeny was raised from a plant suspected of being aberrant, 
this progeny consisting of 20 plants. Vigour in this material was fairly 
good but variable and on an average less good than in the sister plot 
consisting of normal plants with 44 chromosomes. The 2n number was 
determined in 8 daughter plants of the aberrant and was found to 
range from 39 to 45, the following values being obtained: 39, +42, 42, 
42, +45, +45, 45, 45. 


Cc. ABERRANTS PROBABLY TRIPLOID GIVING MORE OR LESS CONSTANT 
PROGENIES. 


In a strain from Nuolja (Lapland), representing Case a under this 
heading, the normal chromosome number was found to be 33 (5 plants 
of 2 different generations showing this number). One plant had been 
found to be aberrant (weak and with a deviating leaf shape) and from 
this individual 10 daughter plants were obtained which were slightly 
inferior in vigour compared with the normal plants in the sister plot. 
They also differed by having produced very few panicles. Chromosome 
counts in eight plants revealed that they were all triploid having 49 
(or in 2 cases +49) chromosomes. This sharply indicates that the mother 
plant, the original aberrant, also was a triploid. 

Case b, observed in a strain from Parte—Aktse (Lapland) having 
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2n=33 (6 plants from two generations) , originated from a plant suspected 
to be aberrant. A progeny of 18 plants was found to be constant and was 
not observed to differ from a sister plot with normal plants. Thus, the 
slightly deviating appearance of the supposed aberrant was first thought 
to be due to environmental influences only. However, the cytological 
control revealed that all the daughter plants were + triploid, the follow- 
ing numbers being counted: 50, 50, 50, +50, +50, +50, +49, and 
+47. The last-mentioned plant clearly deviated from 50 and evidently 
represented an aberrant in the otherwise rather uniform triploid off- 
spring. 
D. TWO OTHER CASES. 


In two cases the aberrants had evidently only slightly deviating 
chromosome numbers but gave poor and variable progenies. Case a was 
met with in a strain from Frés6én (Jaémtland) in which the typical 
plants of the original progeny had 2n=33 (determined in 6 individuals 
from two generations). The aberrant plants was examined twice with 
regard to the chromosome number, the first count giving 2n= + 33, the 
second one 2n=33-+1 fragment. The offspring of this plant were poor 
and uneven but evidently in most cases, at least, represented the same 
chromosome constitution as the mother plant. In eight plants examined 
the chromosome counts gave the following result: 33+1 fragment (4 
plants), probably 33+ 1 fragment (2 plants), +33+1 fragment (1 plant) 
and +33 (1 plant). In the last-mentioned plant fixation was poor and 
the fragment may have been overlooked. 

In Case b, finally, observed in a strain from Kvikkjokk (Lapland) 
the normal chromosome number was found to be 2n=40 (observed in 
5 plants of two generations). One plant suspected of being aberrant 
gave rise to a progeny of 12 plants, 5 of which died at an early stage. 
Of the remaining plants chromosome counts were available for four 
individuals having the 2n values 37, +40, 41, and 42. Especially the 
plants with 37 and 41 chromosomes were morphologically clearly 
aberrant. Thus, the mother plant was certainly genotypically deviating 
but nothing definite can be said about its chromosome number. 


IV. OCCURRENCE OF BIOTYPE GROUPS. 


1. INTRODUCTION. 


A morphological study of the material cultivated in the experi- 
mental field revealed an enormous morphological diversity which is 
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scarcely noticeable in the natural habitats. Owing to the apomictic 
mode of propagation, causing uniformity within plots, the differences 
between biotypes are generally very striking and clearcut. These differ- 
ences are, of course, predominantly quantitative involving various di- 
mensions of leaves, straws, panicles and spikelets. The biotypes also 
greatly differed in colour and colour distribution within the range 
green-yellow-red, the panicles could be quite erect or more or less 
decumbent, the panicle branches stiff or lax, etc. Also in general vigour 
there were all gradations from quite poor to exceedingly vigorous types. 

On account of this great variability it was generally easy to decide 
whether two neighbouring plots were morphologically identical or not. 
In some cases, however, the differences were slight but by repeated 
observations in the same season and in two consecutive years it gener- 
ally became clear whether such differences were significant or not. 

Especially among progenies from the same local region cases of 
complete morphological identity were not infrequent, and in addition 
to such cases it often happened that the progenies were only slightly 
different, representing the same main type which had been altered in 
minor respects in various directions. In a few cases, to be discussed in 
detail below (pp. 479—480), morphological identity or almost complete 
similarity was observed between progenies from widely different regions. 

In all cases, without exception, progenies considered to be mor- 
phologically identical were also found to have the same chromosome 
number, whereas, on the other hand, progenies differing in chromo- 
some number were always found to be morphologically dissimilar. In 
cases of slight differences between progenies, otherwise considered to 
represent the same main morphological type, there was generally 
identity between chromosome numbers. Deviations from this rule will 
be considered below. 

As the constellations of morphological characters of the different 
progenies were strongly differentiated and very characteristic it is highly 
probable that identity in morphology in this material really means geno- 
typical identity. This supposition is supported by the fact that such 
identity was most frequent between progenies of the same local region, 
in which the number of apomictic biotypes may sometimes be rather 
limited. 


2. BIOTYPE GROUPS IN OLAND. 


The Oland material observed comprised a total of 53 progenies 
which could be divided into 6 specific biotypes and 11 morphological 
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Figs. 5—8, biotypes with 41 chromosomes from Oland and Gotland. — Fig. 5 from 

Béda, Oland; Fig. 6, Persnis, Oland; Fig. 7, a locality near Irevik, Gotland; Fig. 8, 

Sjonhem, Gotland. — Figs. 5 and 8 represent morphologically identical plants prob- 

ably belonging to the same biotype. Fig. 7 shows a slightly deviating type, Fig. 6 is 

more strongly deviating but belongs to the main 41-chromosome type dominating in 
Oland and Gotland. 


groups, comprising similar or identical biotypes. The majority of this 
material (35 progenies) belonged to the so-called 41-chromosome main 
type of Oland, the remaining 18 progenies forming some other groups 
or being specific. These categories will be dealt with separately. 


A. THE 41-CHROMOSOME MAIN TYPE. 


Although this category had certain characteristic features (evident 
to some extent from Figs. 5—6) it could be subdivided into 3 specific 
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biotypes and 7 groups comprising 32 progenies. Within these groups 
complete identity was only met with in regard of 8 progenies, similarity 
in regard of 24 progenies. Altogether the 35 progenies seemed to re- 
present 30 different biotypes. 


To be more precise, Group I comprised 7 biotypes (from Torslunda, Resmo 
and Stenasa) which were all slightly dissimilar. Group I] comprised 3 biotypes from 
Kastlésa, Hégsrum and Rapplinge which were again similar but not identical. The 
same is true of 4 biotypes from Smedby and S. Méckleby constituting Group III. 
Three progenies from Kastlésa formed Group IV, and of these progenies two were 
quite identical, the third one slightly deviating. Groups V to VII are from the 
northern part of the island, Group V being composed of 5 progenies from K6ping, 
Albéke, Féra and Persniis (Fig. 6). Two of these, derived from two rather closely 
situated localities in Albéke, were identical and certainly represented the same bio- 
type, the other three being slightly different inter se and also differing from the Al- 
béke type. Group VI was composed of four progenies from Persniis and one from 
Hogby, all these evidently representing slightly different but closely related biotypes. 
Group VII, finally, was composed of five progenies from the Northwest part of 
Oland. Four of these [from Byxelkrok, North of Byxelkrok, Tokeniis and Béda 
(Fig. 5)] were found to be identical, whereas another progeny from Béda was found 
to be deviating. 

Of the 3 specific biotypes belonging to the main Olandic 41-chromosome type 
one, from M6érbylanga, may have had 40 instead of 41 chromosomes, but this devi- 
ation from the normal chromosome number could not be definitely established. The 
other two specific types were from Hulterstad. 


B. OTHER MORPHOLOGICAL GROUPS. 


Several progenies did not belong to the main Olandic type although 
their chromosome number was the same (2n=41). This was true of one 
group composed of more or less pronounced dwarf types (cf. Figs. 9— 
10) and of two other groups deviating in other ways. One group was 
highly interesting by having a clearly deviating chromosome number 
(2n=35) and also quite different properties. Finally, there were three 
specific biotypes, two of which had 2n=41 but the third one 2n=43. 

Altogether the 18 progenies representing the present category B com- 
prised 4 groups and 3 specific biotypes. There was complete identity 
in 6 cases, a more or less pronounced similarity in 11 cases. The total 
number of biotypes involved seemed to be 15. 


The following details about Category B may be given. Group VIII, the dwarf 
type group, was composed of 7 progenies from Ventlinge (2 progenies), Vickleby, 
Morbylanga, Hulterstad, Kastl6sa and Hégsrum. The progeny from Mérbylanga was 
identical with that from Hulterstad, the other progenies being slightly deviating in 
different ways. All these biotypes had 2n=41. 

Group IX had also 41 chromosomes and was composed of two identical pro- 
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Figs. 9—10, dwarf biotypes with 2n=41 from Mérbylanga and Vickleby, Oland. — 
Fig. 11, a specific biotype with 2n=43 from Broby, Far6é, Gotland. 


genies from Hégby and Byerum and one deviating biotype from Kalla. Group X 
was from South Oland and comprised two slightly different biotypes from As and a 
third related biotype from Grasgard, all three having 2n=41. Group XI contained 
two evidently identical progenies from Stendésa and Sandby having 35 chromosomes. 
This biotype does not only differ from all biotypes with 41 chromosomes by being 
much more gracile and delicate but also by having a different periodicity. All plants 
in these progenies (altogether 21 individuals) produced panicles already in 1945, in 
the same year as the seeds had been germinated, and did not survive the following 
winter. Almost all other plants of the Oland material did not reach full development 
until the summer of 1946 and only a few of them produced any panicles already 
in 1945. 

Of the three independent lines from Albéke, Segerstad and Hulterstad the first 
two had 2n=41, whereas the Hulterstad type had 2n=43. This chromosome number 
was observed in the mother plant as well as in four of the daughter plants and was 
certainly characteristic of the entire progeny, consisting of 10 individuals. These 
plants were rather weak and several of them produced panicles already in 1945. Of 
the 10 plants, 7 survived the winter and were also alive in 1947, though still weak. 


C. CONCLUSIONS CONCERNING THE OLAND MATERIAL. 


In the first place the Oland material of Poa alpina is charact- 
erized by the occurrence of one dominating morphological type in- 
volving 35 of the 53 progenies observed. This type, although possible to 
describe, is not homogeneous but may be subdivided into several local 
groups. The members of these local groups are sometimes identical but 
more frequently slightly dissimilar. All these biotypes have 2n=41, just 
as many of the remaining biotypes. These, however, were not considered 
to belong to the main Olandic morphological type but formed other 
local groups or were represented by independent lines. One of these was 
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weak and had 2n=43, instead of the usual number 41. The most in- 
teresting deviation, however, is represented by a weak and ephemeric 
biotype with 35 chromosomes, collected at two different localities in 
South Oland. 

In spite of the group formation the genotypical polymorphism 
is evidently very marked in Oland, the 53 progenies representing not 
less than 45 different types. Cases of complete identity are met with 
occasionally but only with regard to neighbouring localities situated in 
the same or adjoining parishes. 

In this connection it may be mentioned that, thanks to the courtesy 
of Dr. C. L. KIELLANDER, 17 living plants were obtained which had 
been collected along a road between Borgby and Alby, South Oland. 
These plants gave rise to 17 uniform progenies which were all mor- 
phologically identical and evidently represented the same biotype. This 
biotype was found to have 41 chromosomes, this number being obtained 
from 20 individuals representing nine of the progenies. 


3. BIOTYPE GROUPS IN GOTLAND. 


A. BIOTYPES WITH 41 CHROMOSOMES. 


The material from Gotland shows essential similarities as well as 
dissimilarities in relation to the material from Oland. The first striking 
observation is the fact that the 41-chromosome biotypes from Gotland 
belong to the same main morphological type as most of the Oland bio- 
types. That this is not only a superficial morphological resemblance 
but rather the expression of a far-reaching genotypical similarity is 
quite obvious from the observations made and is indicated by the 
similarity between Figs. 5 and 8. 

In the experimental field a progeny from Irevik, Gotland (No. 158) 
was situated rather close to two plots from Oland (No. 101 from Resmo 
and No. 156 from Béda). The similarity between this type from Got- 
land and the two biotypes from Oland was very striking, and. between 
the Béda and Irevik progenies no morphological difference could be 
distinguished with certainty. 

The great morphological similarity between 41-chromosome bio- 
types from the two islands is not limited to the progenies just discussed. 
It was soon realized that the 41-chromosome progenies from Gotland 
were widely identical, most of them probably representing exactly the 
same biotype. Of the 48 progenies from Gotland 27 represented this 
41-chromosome type and of these 27 progenies from widely different 
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parts of the island not less than 20 were identical, the remaining 7 ones 
being deviating in various ways but nevertheless belonging to the same 
main type. 


The 20 identical progenies were derived from the following localities: Irevik, 
Hangvar, Hall (2), Storugns, Ahr, Bunge (2), Faré (2), Rute, Kyllej, Hejnum, Bro, 
Bro—Hejde, Hejdeby, Hejdeby—Visby, Osterport (Visby), Torsburgen, Sjonhem 
(Fig. 8). (2) means that two progenies from different localities in the same parish 
were raised. 

To this group seven slightly deviating progenies were attached, these progenies 
being derived from Snickgirdet (Visby), Viaisterhejde, Vigome, Broa (Far6), Fleringe, 
a locality 2 km. north of Fleringe and a locality 3 km. from Irevik. 

It should be observed that the progeny from Bro—Hejde was found to have 
2n=40 instead of 2n=41 as in all the other progenies. As far as the observations go, 
the lack of one chromosome in this type had no visible effect. 

Another mystery is represented by a progeny from Far6é which, although 
derived from a single panicle, was found to be heterogeneous, comprising two differ- 
ent types. This may possibly be ascribed to an error at the planting, 3 plants 
representing another biotype. 


B. BIOTYPES WITH 33 CHROMOSOMES. 


15 progenies, having 2n=33, were all quite different from the 41- 
chromosome type but did not represent a uniform group. They could 
rather be subdivided into two well separated groups a and b, of which 
a resembled the 35-chromosome biotypes from Oland by being weak 
and slender and by producing panicles already in the first year. They 
did not die, however, in the following winter but persisted in all three 
years of observation. 

Among the a-progenies formation of local groups was indicated, 
but on account of poor and uneven development the morphological com- 
parisons were somewhat difficult. However, the following information 
may be given on this point. 

Three progenies from Kriklingbo, Ardre and Ardre—Gammelgarn were clearly 
interrelated though somewhat different. A group of two slightly dissimilar biotypes 
from Vaigome and Tingstide—Hejnum is probably attached to the previous group 
through identity between the progenies from Ardre and Vagome. The Vagome type 
in its turn may be identical with two progenies from Ahr and Lickershamn, respect- 
ively. A progeny from Kappelshamn was similar to that from Lickershamn hut 
slightly deviating. Another pair of related biotypes belonging to the same a-pro- 
genies was derived from Hejdeby and Hejnum—Fole (Fig. 12), respectively. 

The b-group had only the chromosome number 33 in common 
with the a-group. They were rather vigorous, did not flower in the first 
season, had numerous, small, contracted and strongly anthocyanin- 
coloured panicles and blue-green leaves. 
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Figs. 12—13, biotypes with 33 chromosomes from Hejnum—Fole and Ardre, Gotland. 
These biotypes belong to different morphological groups. — Fig. 14, a biotype with 
with 2n=34 from Storugns, Gotland. 





Five different progenies belonged to this type, three being identical [from 
Ardre (Fig. 13), Katthammarsvik and Ostergarn—Kriklingbo] and two deviating 
though identical inter se. The latter two were both from Etelhem. 

Another 33-chromosome biotype (from Ardre) differed in several respects from 
the members of the b-group and was therefore considered to be specific. 


C. SOME OTHER BIOTYPES. 

An interesting pair of biotypes is represented by two progenies 
from Ljugarn and Ala, respectively. They were closely similar but not 
quite identical, the Ala type being stiffer and more erect. The chromo- 
some numbers were 2n=44 (Ala) and 2n=45 (Ljugarn), two members 
not met with in any other biotypes from Gotland. 

Two other specific chromosome numbers were represented by two 
biotypes from Storugns (2n=34, Fig. 14) and Broby—Far6é (2n=43, 
Fig. 11). The former one resembled the b-group among the 33-chro- 
mosome biotypes but was considered to be specific. The latter one was 
rather weak and like other slender types it flowered already in the 
first year. Otherwise, however, it was quite specific. 


D. CONCLUSIONS CONCERNING THE GOTLAND MATERIAL. 


Plants with 2n=41 are dominating in Gotland as well as in Oland 
and it is obvious that the Gotland types with this number belong to the 
same main type as in Oland. One obvious difference between the Oland 
and Gotland types with this chromosome number is highly interesting, 
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the polymorphism within the 41-chromosome group being strong in 
Oland but weak in Gotland, almost all plants with 41 chromosomes in 
Gotland belonging to the same biotype. 

A relatively large group of biotypes with 33 chromosomes occurs 
in Gotland and could be subdivided in two sharply different groups, one 
of which resembled the 35-chromosome biotypes from Oland. Finally, 
a few specific biotypes with other chromosome numbers have been 
met with. 

Owing to the identity of most 41-chromosome progenies the poly- 
morphism of Poa alpina is less pronounced in Gotland than in Oland, 
the 48 progenies from Gotland representing 23 different biotypes, the 
corresponding figures from Oland being 45 different types among 53 


progenies. 


4, BIOTYPE GROUPS IN NORTH SWEDEN. 


The material from North Sweden was collected during a journey 
started at Ostersund (Jamtland). Besides at Ostersund (Frés6én) seed 
material was gathered in the vicinity of railway stations between Oster- 
sund and Vilhelmina (South Lapland). From Vilhelmina an excursion 
was made to Saxniis in the alpine region. Material was collected between 
Vilhelmina and Saxnis, in the Saxnis region and in the mountains 
North and South of Saxnas (Marsfjall and Borgafjall). 

After return to Vilhelmina the journey was continued with the 
inland railway to Jokkmokk, some material being collected again near 
the railway stations. More material was gathered in the Jokkmokk 
region, during a journey from Jokkmokk to Kvikkjokk, and especially 
during a walk of several days from Kvikkjokk to Saltoluokta. After 
collections in the Saltoluokta region the journey was continued to 
Abisko in Northern Lapland, where much material was collected during 
excursions in the region of Abisko, Bjérkliden and Laktajokko. After 
stays in Kiruna and Gallivare the journey was continued by bus to the 
Torne valley and from there by train to South Sweden. On the way 
back some material was obtained at Linnis near Sollefteaé (Anger- 
manland). 

From the material collected during this journey a total of 108 pro- 
genies were raised from seeds and 17 progenies from bulbils of vivi- 
parous plants. Of the 108 agamospermic progenies 30 were apparently 
specific whereas 78 were members of a total of 20 morphological 
groups. 

As before, the members of these groups were either identical with 
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other progenies or showed a more or less pronounced resemblance. The 
number of progenies per morphological group ranged from 2 to 20. 


Group I was a large chiefly lowland or subalpine group mainly from North 
Jamtland and South Lapland comprising 20 progenies, of which the following were 
found to be identical: 

Ulriksfors No. 2, Strémsniis—Malgomaj, Malgomaj, Stalon (2 progenies), Sax- 
niis (2 progenies), Marsliden. All these progenies had 2n=38 and the same was true 
of all progenies noted to show a more or less close resemblance to the above group. 
This »secondary» group consisted of 8 progenies from Ulriksfors No. 1, Stalon (2), 
Saxnis, River Satsan, Satsfjall, Marsliden and Kiruna No. 3. A »tertiary» group of 
4 progenies was considered to resemble some of the members of the secondary 
group. Thus, a progeny from Jiamtland’s Sikas was similar to Ulriksfors No. 1 and 
a progeny from Marsfjall was similar to the Satsfjall progeny. In both these cases 
the chromosome number was again 38. The third member of the tertiary group was 
another progeny from Marsfjill showing resemblance to the Marsliden progeny. In 
this case, however, there was a slight difference in chromosome number, the Mars- 
fjaill progeny having 2n=39. The fourth member of the tertiary group was a progeny 
from Bangnis thought to resemble a progeny from Stalon. In this case, however, the 
morphological resemblance had been misleading, the Bangnis progeny having 2n=33. 

Before leaving Group I, it should be observed that some members of the sec- 
ondary group were found to be identical. This is true of River Satsan and Satsfjill 
(two localities close to each other) and also of the pair Ulriksfors—Kiruna No. 3, 
Figs. 15—16 (two localities very widely separated). 

Group II was less complicated than the previous one being composed of 4 
progenies, all having 2n=33. These progenies were represented by two pairs, one 








‘being composed of two identical progenies from Linniis (Angermanland), the other 


pair by progenies from Hoting (Jaimtland) and Kiruna (No. 2), these progenies again 
being identical inter se (cf. Figs. 17—18) but slightly different from the previous pair. 

Group III comprised a primary group of 4 identical progenies with 38 chro- 
mosomes from Jokkmokk, Klubbudden and Kvikkjokk (2 progenies). With these 
progenies 6 other slightly deviating progenies were associated. 4 of these (from 
Jokkmokk, Bjérkholmen, Kvikkjokk—Parte and Leipojiarvi) had again 2n=38 but 
the other two, from two localities at Kvikkjokk, had the slightly deviating chro- 
mosome number 2n=40 and were identical inter se. 

Two identical progenies from Harspranget and Randijaur, having 2n=43, be- 
longed to Group IV, which also contained a secondary type with 2n=44 from Abisko- 
jokk and a tertiary progeny with 2n=45 also from Abiskojokk. Thus, the 45-chro- 
mosome biotype was similar to the 44-chromosome one, which in its turn resembled 
the two progenies with 2n=43. 

Group V only contained two identical progenies with 2n=33 from Jokkmokk 
and Njave, a place between Jokkmokk and Kvikkjokk. 

Group VI comprised 4 progenies, all having 33 chromosomes. One progeny was 
from Aktse (between Kvikkjokk and Saltoluokta), the other three from the Abisko 
region. They were all slightly dissimilar. 

Group VII was represented by 3 slightly dissimilar progenies from the Abisko 
region, all having 2n=38. 
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Figs. 15—18, cases of identity between biotypes from widely separated localities. -— 
Figs. 15—16, Kiruna No. 3, Lapland, and Ulriksfors No. 1, Jaémtland; Figs. 17—18, 
Hoting, Jamtland, and Kiruna No. 2. 


Group VIII was formed by two non-identical biotypes with 33 chromosomes 
from the Abisko region. 

Group IX comprised a nucleus of 3 identical progenies with 2n=44 from Mount 
Nuolja in the Abisko region. In this group was also included a fourth somewhat 
deviating progeny from Nuolja, also with 2n=44, and a progeny from Tornetriisk 
which was afterwards found to have 33 chromosomes. 

Group X was composed of two identical progenies from Mount Nuolja, having 
2n=37, and a deviating progeny, also from Nuolja, which was afterwards found 
to have 2n=33. 

Group XI comprised one progeny from Kiruna and another somewhat similar 
progeny from an adjoining locality (Loussavaara) in the same town. Contrary to the 
rule, there was a difference in chromosome number, the former progeny having 
2n=32, the latter one 2n=38. 
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Group XII contained two slightly dissimilar progenies from Gillivare, both 
having 2n=38. Group XIII was composed in a similar way, comprising two similar 
progenies with 2n=33 from Pajala and Tirend6, respectively. Group XIV was re- 
presented by two progenies from Mount Nuolja and Bjérkliden showing some mor- 
phological resemblance but differing in chromosome number (2n=44 and 38, respect- 
ively). Group XV comprised four progenies from Mount Nuolja, which were ali 
found to be identical, representing a single biotype with 2n=39. Group XVI con- 
tained two identical progenies with 33 chromosomes from the region of Parte (be- 
tween Kvikkjokk and Saltoluokta) and also a third progeny with the same chro- 
mosome number from the region between Parte and Aktse. 

Group XVII was much larger and comprised 11 progenies, all having 2n=38, 
or in two cases possibly 2n=39. It had a centre consisting of three identical pro- 
genies, 2 from Sitojaure and 1 from Saltoluokta and to this centre the other 9 pro- 
genies were related directly or indirectly. Of the 9 progenies 2 were from Salto- 
luokta, 4 from Laktajokko and 2 from Vassijaure. 

Group XVIII contained 7 progenies of which the »central» ones were 5 identical 
progenies with 2n=44 from Mount Kerkau and another locality in the Saltoluokta 
region. To this centre were attached two somewhat deviating progenies, one from 
Saltoluokta (again with 2n=44) and another one from Abisko. The latter progeny 
was found to have a slightly deviating chromosome number, 2n=45. 

Group XIX was represented by two identical progenies with 2n=33 from Over- 
torneA (Northernmost Sweden), Group XX by two similar progenies from Sorsele 
and Arvidsjaur, both having 2n=33. 


5. CASES OF IDENTITY BETWEEN PROGENIES FROM WIDELY 
SEPARATED LOCALITIES. 


The members of the morphological groups were generally from the 
same local region. However, especially with regard to material from 
the lowland cases of morphological identity between progenies from 
widely different localities were also met with. Two striking cases of 
this kind are illustrated by Figs. 15—18. If the pictures had been colour 
plates instead of ordinary photos the similarity between the members 
of each pair would have been still more striking. 

Fig. 15 shows a plant of a progeny from Kiruna, Lapland (»Ki- 
runa No. 3») and Fig. 16 represents a progeny from Ulriksfors, Jamt- 
land (»Ulriksfors No. 1»). The great similarity between these progenies 
was first observed in 1944 when Kiruna No. 3 was found to belong to 
the large morphological group I (cf. above p. 477). The morphological 
identity of the two types was observed before the identity of the chro- 
mosome numbers (2n=38) was known. In 1944 the two plots in 
question were situated rather far from each other in the experimental 
field but in spite of that the great morphological similarity was striking. 
This surprising fact was further tested by raising new progenies of the 
same types, these progenies now being planted side by side (in 1945). 
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The new plots were first studied in 1946 and were, indeed, found to be 
morphologically identical. The observations were repeated in 1947 on 
the same material and neither in this year could any morphological 
difference be detected. Without going into morphological details it may 
be mentioned that the biotype in question is characterized by a low 
and procumbent mode of growth and by lax and heavy panicles with 
a small amount of anthocyanin. 

The other case, illustrated by Figs. 17—18, is represented by pro- 
genies from Hoting (Jaémtland) and another type from Kiruna (No. 2). 
This biotype (2n=33) is also rather low but the straws are stiffly erect, 
the leaves bright green and strongly folded and the panicles vividly 
red-coloured. As in the previous case the great morphological similarity 
was first observed in 1944, and by studies of new progenies in 1946 and 
1947 the conclusion was reached that we have here again a case of one 
single biotype growing at localities as far apart as approximately 480 
kilometers. The distance between Ulriksfors and Kiruna is of the same 
order af magnitude. 

It should be observed that a biotype from Lannas, Angermanland, 
is also very similar to the Hoting—Kiruna 2-pair. Only by repeated 
morphological studies of progenies representing two generations it be- 
came possible to discern some slight and probably significant differ- 
ences, the Lannas type having a still stronger panicle colour and prob- 
ably being somewhat shorter than the material from Hoting and Kiruna. 
Nevertheless, the Lannis type must be genotypically closely related to 
the Hoting—Kiruna type. Thus, the members of the morphological 
group II were derived from three localities situated very far apart. As 
already mentioned, the distance between Hoting and Kiruna is about 
480 kilometers, the corresponding values for Hoting—Lannas and 
Kiruna—Lannas being about 125 and 545 kilometers, respectively. It 
should be observed that certain lowland types of Poa alpina may have 
become widespread by railway transports, several of the biotypes just 
discussed being collected near railway stations (those from Hoting, 
Ulriksfors and Kiruna). 

Within the other morphological groups cases of absolute identity 
always represented progenies derived from the same local region. Some 
cases of rather close similarity were found, however, between progenies 
derived from areas as far apart as the Saltoluokta and Abisko regions. 
In one case of this kind (Group XVIII) the morphological difference 
was correlated with a change in chromosome number from 44 in the 
Saltoluokta region to 45 in the Abisko region. 
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V. DEGREE OF POLYMORPHISM IN DIFFERENT 
GROUPS OF MATERIAL. 


The degree of polymorphism in the Poa alpina populations of 
Oland and Gotland has already been discussed and it was, for instance, 
pointed out that there is a much stronger polymorphism among the 
41-chromosome biotypes of Oland than among those of Gotland. With 
regard to the material from North Sweden the occurrence of the same 
biotype at widely separated lowland localities seemed to indicate that 
the frequency of different biotypes in the lowland might be rather 
limited. On the other hand, a strong polymorphism was evident when 
surveying progenies from alpine localities (cf. Figs. 19—25). An attempt 
to verify or disprove this apparent contrast was made by comparing 
the ratio of specific and group-forming biotypes of different regions. 
In doing this, the material was roughly divided into the following four 
categories: A, biotypes from the lowland, B, biotypes from subalpine 
localities, C, biotypes from the alpine region in South and Middle Lap- 
land (around Saxnias, Kvikkjokk and Saltoluokta), and D, biotypes from 
the alpine region in North Lapland (around Abisko). 


A. BIOTYPES FROM THE LOWLAND. 


This category comprised 22 progenies, 6 of which were found to 
be specific and 16 group-forming. The latter ones belonged to 6 differ- 
ent groups. Eight of them, belonging to 4 groups, were identical with 
one or more other progenies, the other eight were only more or less 
similar to other biotypes. Consequently, the entire material represented 
18 different types. 

As the distinction between lowland and subalpine localities is not sharp it may 
be useful to enumerate the localities representing category A: Frésén, Jiimtland’s 
Sikas, Hoting, Ulriksfors (2 progenies), Dorotea, Strémsnisbruk, Sorsele, Arvidsjaur, 
Kiruna (4 progenies), Luossavaara, Giillivare (2 progenies), Pajala, Tirend6é, Leipo- 
jarvi, Overtornea, Linniis (2 progenies). 


B. BIOTYPES FROM SUBALPINE LOCALITIES. 


This material was represented by 23 progenies, 1 of which was 
specific, the other 22 group-forming. These progenies belonged to 5 
different groups and 15 of them (belonging to 5 groups) were identical 
with other progenies, 7 progenies only showed a certain degree of 
similarity. Consequently, this category comprised 13 different types. 


The 23 progenies were derived from plants growing at the following localities: 
Lake Malgomaj (at the School of Agriculture), Stalon (4 progenies), Bangniis, Njaka- 
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Figs. 19—22, four different biotypes from Marsfjall, South Lapland, having 49, 44, 
38 and 38 chromosomes, respectively. 


fjill (near Bangniis), Saxniis (3 progenies), Marsliden, a locality near Marsliden, 
Jokkmokk (3 progenies), Harspranget, Randijaur, Klubbudden, Bjérkholmen, Njave, 
Kvikkjokk (2 progenies), Nammatj (near Kvikkjokk). 


C. BIOTYPES FROM THE ALPINE REGION IN SOUTH 
AND MIDDLE LAPLAND. 

This region, ranging from Borgafjall in the South to Saltoluokta 
in the North, was represented by 31 progenies, 16 of which were 
specific and 15 group-forming, involving 6 different groups. Of these 
15 progenies 8 (belonging to 4 groups) showed identity with one or 
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Fig. 23, a biotype from Parte, Lapland (2n=38); Fig. 24, Jokkmokk No. 2, Lapland, 
(2n=33); Fig. 25, a Nuolja biotype, Lapland, having 2n=33; Fig. 26, a biotype from 
Dalfors, Dalecarlia, 2n=44. 


more other progenies, 7 only a certain degree of similarity. Thus, the 
whole material comprised 27 different types. 

The material was gathered at the following localities: River Satsan, Satsfjill, 
Marsfjall (6 progenies), Borgafjill (2 progenies), the region Kvikkjokk—Parte (6 
progenies), the region Parte—Aktse (3 progenies), Sitojaure (3 progenies), the Salto- 
luokta region (9 progenies). 


D. BIOTYPES FROM THE ALPINE REGION IN NORTH LAPLAND. 
This category comprised 32 progenies, 7 of which were specific 


and 25 group-forming, involving 5 groups. Of the latter ones 7 pro- 
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genies, belonging to 3 groups, showed identity with one or several 
other progenies, whereas 18 progenies only showed a more or less 
pronounced similarity. Thus, the entire material was found to comprise 
28 different types. 

The localities involved in the present category are more closely situated than 
in the previous categories, as is evident from the following enumeration: Abisko 
(2 progenies), Abiskojokk (4 progenies), different localities near Abisko (6 pro- 
genies), Nuolja (12 progenies from different altitudes), Bjérkliden (3 progenies), 
Laktajokko (4 progenies), Pallemvagge (1 progeny). 


The data given above were analysed in two different ways, firstly, 
by comparing the ratios of specific to group-forming progenies, and, 
secondly, by comparing the ratios of progenies representing different 
types to those being identical with other progenies. The data available 
may be summarized as follows: 











Region Specific Group-forming Non-identical Identical 
Ay ose 5uens 6 16 18 + 
ARS eee 1 22 13 10 
A+B ..... 7 38 31 14 
ERO T ses Fe 16 15 27 4 
Ly: 7 25 28 4 
CAD 2.56 23 40 55 8 


It seems reasonable to add the data from the two really alpine 
categories C and D and to contrast the values thus obtained with those 
from lower regions (A+B). This shows that specific biotypes are more 
numerous, and hence the polymorphism is more pronounced, in the 
alpine region than at subalpine localities and in the lowland. The differ- 
ence between the ratios 7:38 and 23:40 is significant, a z° test giving 
the 7° value 5,75 which corresponds to a P intermediate between 0,02 
and 0,01. 

The same final result is obtained from a comparison between the 
frequencies of non-identical : identical progenies, the ratios to be com- 
pared in this case being 31:14 and 55:8. A 7’ test in this case gave a 
7% of 5,49 and a P value again intermediate between 0,02 and 0,01. 

It should be observed that the categories A, B, C, D are rather 
unequal with regard to the geographical range covered by them, and 
that this inequality will tend to reduce the actual difference in poly- 
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morphism between the alpine region and lower regions. Thus, category 
A is represented by lowland progenies from widely different parts of 
North Sweden (situated in the provinces of Jaimtland, Lapland, Norr- 
botten, and Angermanland). Category B is much less extensive and 
mainly represents two subalpine areas, one from South Lapland (the 
region between Vilhelmina and Saxnis) and one from Middle Lapland 
(the region around Jokkmokk and between Jokkmokk and Kvikkjokk). 
Under such circumstances it is not surprising that category A seems 
to be somewhat more polymorphic than B. 

There is a similar difference between the two alpine categories C 
and D of which C represents a much wider range of localities than D, 
which is rather strictly localized to the region around Abisko. It is prob- 
able that this difference in magnitude of geographical range is res- 
ponsible for the difference in frequency of specific biotypes. A 7° test of 
the ratios concerned, 16:15 and 7:25, gave a z° of 6,01 and a P inter- 
mediate between 0,02 and 0,01. 

There is no difference between categories C and D in regard of the 
ratios between non-identical and identical progenies. This probably im- 
plies that within the more narrow Abisko-region the progenies showing 
differences are often sufficiently interrelated to be included in various 
morphological groups, whereas in the more heterogeneous category C 
the average differentiation is stronger and specific biotypes therefore 
more frequent. 

The most appropriate comparison between material from an alpine 
environment and material from a lower altitude is probably between 
categories B and C, which in the main represent the same geographical 
area in South and Middle Lapland. The ratios of specific : group- 
forming progenies in these categories are 1:22 and 16:15. A x° test in 
this case will result in a y° of 13,63; and a P smaller than 0,001, the differ- 
ence thus being quite significant. A similar 7° test of the ratios 13:10 
and 27:4 representing frequencies of non-identical and identical pro- 
genies showed this difference to be slightly less significant than the 
previous one, z° being 6,43 and P intermediate between 0,02 and 0,01. 

Thus, although a much larger material would have been desirable 
and the morphological classification in several cases must be regarded 
as tentative rather than quite exact, the present data certainly strongly 
indicate that the highest concentration of different biotypes of Poa al- 
pina is to be found in the alpine region. 
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VI. CHROMOSOME NUMBERS IN DIFFERENT GROUPS 


In the preceding paragraph differences in frequency of biotypes in 
various regions was demonstrated. It is of interest to examine whether 
these differences are also associated with differences in chromosome 
number. As already stated (p. 461), there is a wide variation in chro- 
mosome number in this material, the 2n values ranging from 32 to 50. 
The distribution of these numbers in the different regions, A, B, C, D, 
was found to be the following (Table 4). 


TABLE 4. Chromosome numbers in mother plants from different 


OF MATERIAL FROM NORTH SWEDEN. 
1. SEED-FORMING BIOTYPES. 


regions in North Sweden. 

















































5 Chromosome number: | | 
Region | bs |} n M 

| 32 33 34 35 36 37 38 39 40 41 42 43 44 45 -- 48 49 50 | | 

| | 

j4 (lowland) 17——— 410 22 | 35,95 
|B(subalpine)| 3 — 1— 114— 2—— 2 23 | 37,78 
|A+B eS ee | 45 | 36,89 

| | | 
C(alpine) ee ee ee oe ee 
|D(C >» ) | 8——— 275———-— 6 4 32 | 38,e4 

| | | | 
iCc+D | B——— 918 8-—— 1-78 4— 2=— 1 (08) 


The chromosome numbers given are not from individual plants as 
in Table 1 but represent the numbers of the mother plants. In some 
cases (when living plants were collected) chromosome counts were 
undertaken in the mother plant itself as well as in three daughter 
plants, in other cases (when seed material was collected) the chromo- 
some number of the mother plant was concluded from the chromo- 
some numbers in the offspring, three daughter plants being examined. 

Table 4 shows that in the lowland (category A) the chromosome 
numbers were found to range from 32 to 38 with an average 2n value 
of 35,95. In the subalpine region, B, the chromosomal variation is similar 
but a few numbers higher than 38 occur, and the average, 37,78, is 
somewhat higher than in the lowland. In the alpine region C numbers 
higher than 38 are still more frequent, and the average number, 38,74, 
has surpassed 38. In the alpine region D the situation is about the same, 
the average chromosome number being 38,384. 
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It remains to be tested whether the differences observed are really 
significant. As the series in question certainly do not show a normal 
distribution, allowing calculations of m-values, but rather two or three 
maxima (at 33 and 38 in A and B, and in C and D a third maximum at 
44) a 7° test must instead be undertaken. It seems natural then to group 
the material as follows: 


Chromosome numbers 











ny 3235 37—40 4250 . 
ae a eee ree 8 14 23 
as hairs tereSue cs ole 4 i7 2 23 
VNC ; Se ree 12 31 2 45 
SAS clersree rs 8 14 9 31 
/ | | ACR eRe ar 8 14 10 32 
CHIP cise 16 28 19 63 


As before, A and B may be added to one series which is contrasted 
with the sum of C and D. This will give a 7° value of 11,81 which for 2 
degrees of freedom corresponds to a P value intermediate between 0,01 
and 0,001. This result clearly demonstrates that on an average the chro- 
mosome numbers in the alpine region are higher than in material from 
lower levels. 

Now, this calculation was based on the actual representation of 
the chromosome numbers in the different regions without paying at- 
tention to the fact that several progenies evidently represented the same 
biotype. If, instead, we examine the chromosomal variation of differ- 
ent biotypes occurring in the various regions the following result is 
obtained (Table 5). 


TABLE 5. Chromosome numbers in biotypes from different regions in 
North Sweden. 




















| Chromosome number: | } | 

Region | : # jn] M | 

| 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 | | | 

A (lowland) | ee | 18 | 36,06 | 
B(subalpine))} 2— 1— 17— 1—-— 1 | 13 | 37,46 | 
| a Pa az 

A+B i Ei Eee Bae H 31 | 36.5 | 
C (alpine) 7———— 9 S—— 1— 5——— 1— 1/97/3800 
D( » ) 8—-—-— 17 4—-——— 44 28 | 38.64 
l 

c+D | 15— — — 116 fe os fae ae Yee eel 
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A comparison between Tables 4 and 5 shows that the average chro- 
mosome numbers of the different regions are approximately the same. 
To make a z° test possible the values of Table 5 may be condensed to 
the following distributions: 


Chromosome numbers 

















ential 32—35 37-40 42-50 r 
We ptehacoune 6 12 18 
ES ETE ES 3 9 1 13 
were 9 21 1 31 
Gees as woo 7 12 8 27 
BD rn coerce aim ierers 8 12 8 28 
ee 15 24 16 55 


A xz° test of the distributions 9:21:1 and 15:24:16 gave a 7° 
of 8,93 which corresponds to a P intermediate between 0,02 and 0,01. 

Thus, with a high degree of probability it may be concluded that on 
an average the alpine biotypes have a higher chromosome number than 
biotypes from lower regions. 

This difference involving biotypes is only slightly less significant 
than the difference involving progenies. 


2. VIVIPAROUS BIOTYPES. 


In Table 2 (p. 462) the chromosome numbers determined in a total 
of 67 viviparous plants from North Sweden were given, these numbers 
ranging from 38 to 56 with apparent maxima at 39, 46—47 and 56. 
These 67 plants belonged to 17 progenies and some of these progenies 
were morphologically identical, probably representing the same biotype. 


The 17 progenies were derived from the following localities and were found to 
have the following chromosome numbers: 

Parte (2n=46), Aktse (2n=45), Saltoluokta (2n=46), Mount Kerkau near 
Saltoluokta (2n=56), Abisko (2n=47), Mount Nuolja near Abisko (5 progenies 
having 2n=38, + 41, 46—47, 54 and 56, respectively), Pallemvagge (2n=56), Pallem- 
jokk (2n=+ 41), Bjérkliden (2n=56), Laktajokko (2 progenies, both having 2n=46— 
47), Vassijaure (2 progenies having 39 and + 46 chromosomes, respectively). One of 
the progenies from Vassijaure, two progenies from Nuolja and the one from Abisko 
were in such a poor condition in the experimenial field that morphological com- 
parisons were excluded. The remaining 13 progenies were found to represent 9 
different biotypes, some of the progenies being identical. This is true of the Parte 
and Saltoluokta progenies, both having 2n=46. The Aktse progeny with 2n=+ 45 
was rather similar but anyhow clearly different. 
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Another group of probably identical progenies, all having 56 chromosomes, 
was represented by the material from Bjérkliden, Pallemvagge and one of the 
Nuolja progenies. Finally, the two Laktajokko progenies were morphologically 
identical, both having 2n=46—47. 

With regard to chromosome number the data just given may be 
summarized in the following two series: 


Chromosome numbers 


38 39 40 41 ... 45 4646-47 47 ... S54 55 56 n 

All progenies: .........:.... at 2 ee ee? eo OP. ha eH 
Different biotypes (among 13 

of the progenies): ........ 1—2...112—...—-— 2 9 


As the chromosome numbers, on an average, are higher than those 
obtained in the seed-forming material it remains to examine the signific- 
ance of this difference. For a comparison of the two categories it is 
convenient to divide the material in four groups corresponding to the 
maxima observed. This will result in the following series 


Chromosome numbers 


32—35 37—40 41—50 54—56 n 
Seed-forming progenies ...... 28 59 21 108 
WVAWA AP OWS) «6-510: s101e1e'a's'e 016 3115's 2 10 5 17 


To allow a statistical treatment these series must be condensed to 
the distributions 87:21 and 2:15 representing 2n values below and 
above 41. This gives a 7° of 33,9 which corresponds to a P smaller than 
0,001. Thus, it is certain that the viviparous progenies examined actually 
had higher chromosome numbers than the seed-forming ones. 

It would have been still more desirable to test whether such a 
difference is true not only of progenies but also of biotypes. However, 
as only 9 viviparous biotypes were available for such a comparison the 
material is too small for a statistical treatment. Nevertheless, the data 
obtained indicate that an increased number of chromosomes is charact- 
eristic of the viviparous types of Poa alpina growing in North Sweden. 


VII. SOME DATA CONCERNING MATERIAL FROM 
NORWAY, ICELAND AND GREENLAND. 


Although rather fragmentary some information may be given con- 
cerning material from Norway, Iceland and Greenland. The Norwegian 
material was mainly represented by 8 progenies representing grand- 

Hereditas XL. 32 
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daughters of plants from Kongsvold collected by Dr. C. L. KIELLANDER. 
Although the original mother plants had been growing within a rather 
limited area the eight progenies were found to represent six different 
biotypes, and three or four different chromosome numbers. To be more 
precise, there was one morphological group consisting of three identical 
progenies having 2n=33. A second group consisted of two similar but 
not identical progenies, one with 33 and the other with +32 chromo- 
somes. Three other progenies were specific and were found to have the 
chromosome numbers 33, 37 and 39, respectively. 

Another progeny from Jotunheimen was specific and had the chro- 
mosome number +43 (counted in five plants representing two genera- 
tions). S. Knutsho is a third Norwegian locality represented in my mat- 
erial by a single progeny having 2n=33. 

Thus, as might be expected, the Norwegian types of Poa alpina 
show a similar chromosomal variation as the Swedish material. Local 
groups of similar or identical progenies were also met with and the 
progenies have the usual apomictic uniformity. Occasional deviating 
plants also occurred. One such +triploid aberrant with 52 chromo- 
somes is included in Table 1, showing the chromosome numbers of all 
36 Norwegian plants examined. 

The material from /celand had been collected by Dr. A. LOVE at 
nine different localities far from each other in Middle and North Iceland. 
At each locality several living plants were taken and sent together in a 
bunch in which it was not possible to separate the original individuals. 
Hence, root-tip fixations from the nine collective samples in several 
cases gave rise to different chromosome numbers for each sample. 
Thus, in »Iceland 6», for instance, different roots had 33, 35, 38 and 39 
chromosomes. This demonstrates the occurrence of a chromosomal poly- 
morphism at this locality and similar results were also obtained for 
others of the nine collective samples. Hence, in order to analyse the 
material a total of 34 progenies were raised from single panicles of the 
original collective samples. These progenies showed the apomictic uni- 
formity, were partly identical with each other but also represented a 
number of different morphological types. 

This material has not been sufficiently studied to warrant a detailed 
discussion. At present we must confine ourselves to the statement that 
the chromosome numbers showed a similar variation as in Sweden and 
Norway. Seven different numbers were met with ranging from 33 to 
44. (Table 1.) Several of the original collective samples contained vivi- 
parous individuals but as these viviparous plants turned out to be grow- 
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Sessin-pa late 


Figs. 27—28, first metaphase complements (separately drawn) in a biotype from 
Hoting, Jamtland, having 2n=33. — Fig. 27, 3py+1y4 +8421; 
Fig. 28, 3;y +3), +5;+2,. 


ing together with seed-forming individuals in the original samples their 
chromosome numbers are not known with certainty. 

Unfortunately very little can be said about the small samples of 
Poa alpina from Greenland. Of 4 living plants, kindly put to my dis- 
posal by Drs. JORGENSEN and WESTERGAARD, 3 produced a few panicles 


‘and gave rise to three apomictic and uniform progenies. Two of these 


were probably identical having 42 or 43 chromosomes. The third pro- 
geny was different and had a higher chromosome number (= 46). These 
chromosome numbers are within the range found in North Sweden but 
rather on the plus side. 


VIII. MEIOTIC OBSERVATIONS. 


From previous work (MUNTZING, 1940, pp. 123—125) it is known 
that meiosis in the apomicts of Poa alpina is irregular and that multi- 
valents are frequent, indicating a partially autopolyploid constitution. 
In a biotype from Pajala with 2n=33 the average number of multi- 
valents (quadrivalents and trivalents) was found to be 2,6 and the 
average number of univalents as high as 3,7. These univalents divide at 
I-A. Similar conditions were met with in another biotype from Korpi- 
lombolo (2n=38) and in a biotype from Moésseberg having 2n=33. In 
the latter one multivalents containing more than 4 chromosomes were 


also observed. 
To these scattered observations made previously it may now be 
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added that in another biotype with 2n=33 from Hoting (Jamtland) 
meiosis followed a similar course as in the Pajala biotype. Two com- 
plete I-M configurations are represented in Figs. 27—28. In the first one 
there are probably 3,y+1),;+8),+2), in the other one 3;y+3y7+5),4+ 2). 
In a third metaphase group the configuration 1,y+3,,;+8),+4, could be 
distinguished. In 11 cells at I-A the number of lagging univalents with 
tendency to divide ranged from 1 to 6 with an average of 2,64. 


IX. POLLEN FERTILITY. 


In 1944 pollen fertility was studied in 84 progenies of Poa alpina 
from North Sweden, the chromosome numbers of these progenies rang- 
ing from 32 to 45. In most cases pollen samples were taken from 3 plants 
per progeny. Data from aberrant plants are not included in the table, 
such aberrants generally having less good pollen than typical plants. 
Besides determining the percentage of apparently good pollen grains, it 
was also noted for a number of plants that the good pollen grains were 
obviously variable in size, and in a few of them this variation was 
found to be very strong. 


TABLE 6. Chromosome number, pollen fertility and pollen variability. 























l 

| Variable Strongly 

Chromo- Per cent good pollen: size variable 
| some n | M ) — | | 
number | Per | Per | 
| | 20 30 40 50 60 70 80 90 100 | wei cent | “P| cent | 

| | | | 

| ; | | | 
| 32-35 | 1 —— 3 1 315 42 | 65/888) 56 | 862 | 8 | 14, | 
| 37—40 , a le ee Oe ae | 125 | 92,12 | 88 | 70,4 11 12,5 | 
; 42—45 | 33. | 33|95,00/ 12 | 36,4 | — 0,0 | 


The data gathered in this way are summarized in Table 6. As be- 
fore, the material has been divided into three chromosome classes 
corresponding to the three maxima occurring in this material. A positive 
correlation between chromosome number and pollen fertility is in- 
dicated, the lowest chromosome class having 88,38 per cent good pollen, 
the intermediate class 92,12 per cent and the highest class 95,00 per cent. 
The significance of this correlation was tested with the y*° method, using 
the classes 20—90 and 90—100 per cent good pollen. In this way the 
material will be represented by the following distributions: 
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Chromosome Per cent good pollen 
number 2 — #9 — = 100 
SNe ened Moire Nie 16.0 ells eve shaens 23 42 
“faa | ER eae 13 112 
BRO s cis%s cersinie vie'e e's 0 33 


The 7’ for heterogeneity will in this case be 27,17 which for 2 de- 
grees of freedom corresponds to a P smaller than 0,001. Thus, it is 
certain that in the material studied there is a positive correlation be- 
tween chromosome number and pollen fertility. 

Pollen sterility is not only more pronounced in the biotypes re- 
presenting the lowest chromosome numbers but the apparently good 
pollen grains are also more variable in size than in biotypes with higher 
chromosome numbers. Thus, in the biotypes with 32—35 chromosomes 
86,2 per cent of the pollen samples were classified as containing pollen 
grains of variable size. In the next chromosome class with 2n=37—40 
the corresponding percentage is 70,4 and in the biotypes with the highest 
chromosome numbers it is as low as 36,4. A x’ test of this heterogeneity 
will be based on the following distributions: 


Chromosome number Non-variable Variable 
BES ee er 9 56 
See ia ah antes Sewanee 37 88 
BeBe so oiord/siaiclece cleetarets 21 | 


This gives a y° of 25,87 which corresponds to a P smaller than 0,001. 
Thus, it is certain that in the present material plants with low chro- 
mosome numbers, on an average, had a more variable pollen size than 
those with higher chromosome numbers. 

Table 6 also contains data concerning plants with »strongly vari- 
able» pollen size. This category is most frequent in the 32—35 class and 
is not represented at all in the 42—45 class. The values are too small 
for statistical treatment but evidently support the previous conclusive 
evidence that plants with relatively low chromosome numbers have a 
strong tendency to form pollen of variable size. 





X. CHROMOSOME NUMBER AND MORPHOLOGY. 


In 1944 detailed measurements were undertaken in the 84 pro- 
genies of the North Swedish material. The following characters were 
examined: length of straw, panicle length, length of the basal panicle 
branch, length of spikelet, length, breadth and index of the uppermost 
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leaf, thickness of 10 leaves, thickness of culm. These characters were 
measured in 10 plants per progeny and the average value used in at- 
tempts to correlate chromosome number and various morphological 
characters. These attempts, however, were almost completely unsuccess- 
ful, and in most cases there was no significant correlation. Such was 
the case with regard to chromosome number on one hand and on the 
other hand thickness of leaves and straw, spikelet length, panicle length 
and leaf index. In one single case a significant positive correlation was 
established. This was between chromosome number and straw length, 
the latter character probably being positively, though weakly, cor- 
related with general vigour. The coefficient of correlation in this case 
was found to be +0,36 and a test of the significance of this correlation 
coefficient gave a P intermediate between 0,01 and 0,001. It should be 
observed that the correlation studied was between chromosome number 
and straw length in different biotypes, not different progenies. Thus, 
the average values of different but identical progenies were combined 
to a general average representing the biotype in question. 

The positive correlation between chromosome number and straw 
length was also tested with an analysis of variance, the material being 
condensed to the following three series (Table 7). 


TABLE 7. Correlation between chromosome number and straw length 
among biotypes from North Sweden. 


























| Chromosome Straw length in mm. 

| number | 275 300 325 350 375 400 425 450 «475 | _ 

| 32—35 | : «4% * 4 *@ & | 18 366,7 

| 37—40 2 1 2 4 | 9 5 30 412,55 | 
| 43—45 — = = ae | 8 | (400,00) | 
| Total | 2 4 5 5 10 11 14 #5 | 56 | | 


Working with a provisional average value of 387,5 the mean square 
for variation between series will be 19,03 and for within series 3,03. 
This gives a v’ value of 6,28 which again corresponds to a P inter- 
mediate between 0,01 and 0,001. It is obvious that this heterogeneity is 
mainly represented by the marked difference between the 32—35 series 
and the 37—40 series. This in its turn mainly goes back to a differ- 
ence between 16 biotypes with 2n=33 and 21 biotypes with 2n=38. 

Whether the correlation observed is a direct effect of the difference 
in chromosome number or due to special genes which happen to be 
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more frequent among the biotypes with higher chromosome numbers is 
still an open question. The latter alternative, however, seems to be the 
most plausible one as no effects of the differences in chromosome 
number could be traced on such characters as thickness of leaf and 
culm and leaf index which are otherwise generally influenced by quan- 
titative alterations in chromosome number. 


XI. DISCUSSION. 


1. Degree of apomizis in various biotypes of Poa alpina. — Not 
only the viviparous biotypes but also the seminiferous ones are 
apomictic, but in the seed-forming biotypes apomixis is not absolute, a 
certain proportion of deviating plants, »aberrants», being formed. In a 
previous experiment (MUNTZING, 1940, pp. 116—119) four of eight 
strains studied seemed to be perfectly constant in chromosome number, 
this constancy being accompanied by a complete morphological uni- 
formity. In four other strains, however, a certain proportion of aberrants 
with slightly deviating morphology were produced, the frequency of 
aberrants being different in different strains. Thus, in a strain from 
St. Gothard, Switzerland, the percentage of aberrants was as high as 
25,93 + 8,43, whereas in a strain from Mésseberg, Sweden, it was as low 
as 4,35+ 3,01. The difference is rather significant, P being intermediate 


. between 0,01 and 0,02. 


The present data, obtained from numerous biotypes from North 
Sweden, Oland and Gotland, demonstrate that apomixis in this mat- 
erial is quite predominating, the percentages of clearly or possibly 
aberrant plants being as low as 1,29 for North Sweden, 2,52 for Oland 
and 1,62 for Gotland. Thus, complete constancy is the rule but now and 
then a few deviating plants are formed. 

In material from Switzerland the degree of apomixis is rather 
variable and, on an average, less pronounced than in the Scandinavian 
material. As reported earlier (MUNTZING, 1940, pp. 138—145), some 
strains were quite or almost constant, while others showed a more or 
less marked degree of aberrant formation. The strain from St. Gothard 
has already been mentioned. In another strain from Arosa 22 individ- 
uals were cytologically examined, and of these only 12 had the typical 
number 26 or +27, the remaining ones (representing 45 per cent of the 
plants) being deviating in chromosome number as well as morphology. 
Still earlier (MUNTZING, 1932) a strain had been obtained from Fiirsten- 
alp, Switzerland, which was found to be quite sexual, the chromosome 














496 ARNE MUNTZING 





number oscillating between 22 and 31. However, it was evident from 
crosses between two plants of this strain and a Swedish apomict 
(MUNTZING, 1940, pp. 145—-155) that a certain proportion of unreduced 
ovules are formed by the sexual strain which, therefore, is not quite 
free from apomictic tendencies. 

There exist, however, purely sexual strains in the alpina group, one 
of them being diploid with 14 chromosomes in the root tips and with 
some additional accessory chromosomes in the »germ line» (MUNTZING, 
1946, 1948, 1949). This strain is probably native in the mountain regions 
of South Russia. Without difficulty it could be crossed with a North 
Swedish apomict as the male parent. 

It is highly interesting that another diploid strain of Poa alpina 
was recently detected in Switzerland by Dr. A. NYGREN (unpublished). 
If this strain, which according to NYGREN belongs to the variety xero- 
phila of Poa alpina, should turn out to be sexual, which is probable, 
this may help to explain why, on an average, the Swiss representatives 
of Poa alpina are less strongly apomictic than the Scandinavian bio- 
types. Crosses between this or other similar strains and Swiss apomicts 
may lead to segregation products with variable degrees of sexuality. At 
any rate there seem to be rather continuous transitions between com- 
plete sexuality and complete apomixis in Poa alpina just as in Poa 
pratensis (AKERBERG, 1941). 

2. Nature of aberrants and their mode of reproduction. — As a rule, 
the aberrants are the result of occasional fertilizations of egg cells, 
in rare cases they are represented by haploids originating from the 
parthenogenetic development of reduced but unfertilized egg cells. In 
cases of fertilization the gametes which unite may both be reduced, the 
resulting plants generally deviating slightly from the typical chromo- 
some number of the strain. Theoretically, the chromosome number in 
such cases may be unchanged but on account of meiotic irregularities, 
which seem to be of general occurrence in Poa alpina (cf. below, p. 510) 
it is much more likely that the aberrants will have somewhat higher 
or lower numbers than the mother strain. Owing to meiotic elimination 
of univalents, lower numbers should be more frequent than higher ones. 
In cases of fertilization the gametes which unite may also be unreduced 
or represent a combination of one unreduced and one reduced gamete. 
In the latter case it is generally the ovule which is unreduced. 

In the material studied previously (MUNTZING, 1940) the nature 
and frequency of the aberrants were investigated in a collection of 
strains from Scandinavia and Switzerland. On account of unsatis- 
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factory fixation apparent deviations with one, or in a few cases with 
two chromosomes from the typical number were not reliable. Stronger 
deviations, however, represented by 33 plants, were significant and 
were found to be distributed in the following way: 


+ diploid + triploid + tetraploid 
— + — + —- 0 + 
8 3 9 2 7 4 0 


This means that of the 33 plants 11 were +diploid, 11 +triploid and 
11 +tetraploid. The number of + diploid aberrants may in reality have 
been somewhat higher owing to the difficulties with the chromosome 
counts. The differentiation into — and +subcategories indicates if the 
aberrants in question had lower or higher numbers than the exactly 
diploid, triploid or tetraploid chromosome number. In the tetraploid 
category some plants had exactly the tetraploid number (indicated by 
a 0), otherwise the total ratio between — and + is 24:5. Most prob- 
ably, and as expected, this significant difference is caused by meiotic 
elimination of chromosomes. The exact tetraploids, 3 of which were 
observed in the same progeny, may perhaps be the result of somatic 
doubling rather than union of unreduced gametes. However, unreduced 
pollen grains have been observed and even found to function in a 
certain plant with 2n=24 (MUNTZING, 1940, pp. 137—138). 

In the present material the chromosome numbers were known by 
direct counts or indirect conclusions in a total of 12 aberrants. Three 
of them were triploid (2 on the — side, 1 on the + side), the remaining 
ones were + diploid, 7 being on the — side, 2 on the + side. Thus, we 
have here again a preponderance of minus aberrants owing to meiotic 
elimination and again diploid as well as polyploid aberrants. However, 
for unknown reasons the latter category was less frequent now than in 
the previous material. 

In Poa pratensis all categories of aberrants have been found to be 
more or less completely sexual, the progenies of such aberrants gener- 
ally being highly variable in chromosome number as well as mor- 
phology (AKERBERG, 1939, 1941; MUNTZING, 1940). Preliminary evidence 
from progenies of aberrant individuals in the Swiss material of Poa 
alpina indicated a similar behaviour (MUNTZING, 1940, pp. 140—144) 
but was not quite conclusive. More information on this point was 
obtained from the present material. 

As described in detail above (pp. 466—468), 10 pairs of progenies 
from aberrant plants and normal sister plants could be divided into 
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different categories. Much to our surprise the aberrants were more 
apomictic than expected, though to different degrees in different cases. 
The first category was denoted »Chromosome numbers of aberrant 
plants somewhat reduced. Progenies with poor vigour but predomi- 
nantly constant». Four of the cases belonged to this category and two 
to the next category, »Chromosome numbers of aberrants somewhat 
reduced. Progenies poor and variable». In one of these cases the vari- 
able offspring of the aberrant comprised a majority of + triploid plants, 
in the other case the offspring were only represented by + diploid 
individuals. An interesting case is represented by an aberrant differing 
cytologically from the normal plants only by the presence of an extra 
fragment. All the daughter plants seemed to have the same chromo- 
somal constitution. Another category, finally, is represented by prob- 
ably triploid aberrants, giving more or less constant progenies. Thus, 
surveying the whole material it is obvious that in aberrants of Scan- 
dinavian apomicts of Poa alpina the apomictic tendencies are, on an 
average, stronger than the sexual ones. 

3. Chromosome numbers in the Swedish material. — Before the 
present paper only the chromosome numbers 33, 38 and 35 were known 
from Sweden, and of these the number 33 seemed to be especially in- 
teresting as it had been found to occur in material from widely differ- 
ent parts of the country (North Sweden, Gotland and VAstergétland; 
MUNTZING, 1932, 1940). The present results verify that 33 and especially 
38 are frequent among the seminiferous biotypes, but several new 
numbers were also found. Thus, in North Sweden besides the maxima 
at 33 and 38 there is a third maximum at 44, and also the number 39 
is rather frequent. Many other numbers have been observed but in a 
low frequency. 

The number 35, previously obtained in a biotype from Oland, was 
found again in new material from this island. However, another 
chromosome number, 41, is quite dominating in Oland, and the same 
number prevails in the island of Gotland. The number 33 is also rather 
frequent in Gotland and was again met with in some different biotypes 
from VAstergétland, another province in South Sweden. In Oland and 
Gotland a few other chromosome numbers occur but only exceptionally. 

Thus, it is evident that the chromosome numbers of the Swedish 
alpina biotypes are not distributed at random but that one or a few 
numbers may be dominating in various regions. Under such circum- 
stances it is rather clear that identity in chromosome number between 
populations of different regions indicates a definite relationship. This 
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is most obvious with regard to the 41-chromosome biotypes, occurring 
in Oland as well as Gotland, but also the biotype groups with 33 chro- 
mosomes, occurring in widely different parts of the country, may have 
a common origin. 

In the viviparous biotypes the chromosome numbers were on an 
average definitely higher, ranging from 38 to 56. Among the seed- 
forming biotypes 50 was the highest number met with. Some chromo- 
some numbers in viviparous Poa alpina from Sweden have already 
been published by NYGREN (1950, p. 7). Seven clones were examined 
by him and found to have chromosome numbers ranging from 42 to 
54—57. One of these clones (from Vassijaure, 2n=46) may be identical 
with one of my clones, the others are from localities not represented in 
my material. Thus, the data obtained by NYGREN strengthen the con- 
clusion that the spectrum of chromosome numbers occurring in the 
viviparous biotypes is significantly different from that occurring in 
the seminiferous biotypes. 

4. Chromosome numbers in material from other countries. — The 
material from Norway, Iceland and Greenland, studied by myself, was 
rather restricted but seemed to represent approximately the same range 
of chromosome numbers as in North Sweden, 2n values from 33 to 46 
being observed. BOCHER (1938) found 2n=33 in a non-viviparous form 
from Angmagssalik in East Greenland. BOCHER and LARSEN (1950), 


. however, report 2n=28 for another non-viviparous Poa alpina from 


West Greenland, growing at 67° North near the margin of the inland 
ice. This is a very interesting finding which certainly deserves further 
study. BOCHER (1938) also reports the chromosome number + 48 in a 
viviparous type from the Faroe Islands. FLOvIK (1938) studied two 
viviparous clones from Spitzbergen, having 2n=44 and 42+4 frag- 
ments, respectively. He also reports the number 33 for another vivi- 
parous type from arctic Norway. In his list of chromosome numbers in 
viviparous alpina, NYGREN (1950) includes 5 clones from Norway. Four 
of them, from Mt. Knutsho (Dovre), had from 36 to 38 chromosomes, 
a fifth type from Northern Norway (Mt. Javreoaivve). had a higher 
number (2n=52). 

A total of 12 progenies (10 seminiferous and 2 viviparous) from 
Switzerland were studied by MUNTZING (1932, 1940). Two viviparous 
clones had 2n=26 and 33, respectively. Seven of the seed-forming pro- 
genies were characterized by the number 37, one progeny by 33 and 
one by 26. One strain was sexual with chromosome numbers oscillating 
between 22 and 31. To this should now be added Poa alpina var. xero- 
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phila which according to NYGREN (unpublished) is a diploid with 14 
chromosomes. Thus, in Switzerland the average chromosome number 
in the Poa alpina populations is most probably lower than in Scan- 
dinavia, though many of the strains more or less constantly have 37 
chromosomes, a number not known to prevail in any other region. 

Highly interesting results concerning the Poa alpina population in 
the Tatra and Pieniny mountains in Poland have recently been ob- 
tained by SKALINSKA (1949—50, 1952) who investigated 111 viviparous 
and 2 seed-forming types from this rather restricted mountain region, 
which is quite isolated from other areas in which Poa alpina is growing. 
The chromosome numbers of the two seed-forming types were 22 and 
33, respectively. The viviparous types showed the following distribution 
(SKALINSKA, 1952, p. 256): 


2n: 14 22 26 28 33 34 35 
Number of clones: .... 1 35 32 16 24 5 4 


In the first place we notice the occurrence of one diploid clone 
with 14 chromosomes, the first example of vivipary in a diploid grass 
(cf. GUSTAFSSON, 1947, p. 71). Secondly, the chromosome numbers are 
conspicuously low in relation to the corresponding values from Scan- 
dinavia, the highest number in the Polish material being lower than the 
lowest number found among viviparous biotypes from Sweden and 
Norway. The Polish values are low even if they are compared with the 
seed-forming biotypes from Scandinavia and also seem to be lower than 
in most strains from Switzerland, in which the number 37 was found 
to be predominating. 

SKALINSKA believes that the biotypes with 28 chromosomes are 
autotetraploids of the single biotype with 2n=14. This is quite possible, 
and perhaps the viviparous clones with 56 chromosomes occurring in 
Sweden represent products of another doubling of the chromosomes. 

In order to explain the numbers 22 and 33, SKALINSKA (1952) refers 
to the finding by MUNTzING (1940, pp. 136 and 182) of a case of sec- 
ondary polyploidy in a sexual strain from Switzerland. In this strain 
with oscillating chromosome number a cytologically stable strain with 
2n=22 could be selected. Meiosis in this strain was regular, 11 bivalents 
being present at first metaphase. SKALINSKA suggests that the viviparous 
biotypes with 22 chromosomes represent such secondary diploids, and 
if this is true the biotypes with 2n=33 might be secondary triploids. 
This view gains some support not only by the frequent occurrence of 
the number 33 in Scandinavia and elsewhere (Switzerland, Greenland 
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and Iceland) but still more from the fact that in North Sweden one of 
the three chromosome number maxima was situated at 44. In con- 
formity with SKALINSKA’s hypothesis such plants would represent sec- 
ondary tetraploids. However, more data are needed before this hypo- 
thesis can be considered to be plausible. It is also doubtful whether the 
Polish biotypes with 2n=26 are really derived from hybrids between 
the types with 22 and 33 chromosomes, a hypothesis also suggested by 
SKALINSKA. 

5. Chromosome number and ecology. — SKALINSKA’s investigations 
of Poa alpina in the Polish mountains are not restricted to mere chro- 
mosome counts but mainly deal with the ecological properties of bio- 
types with different chromosome numbers. Thus, the diploid biotype 
was quite rare and occurred in a sheltered valley at a height of about 
900 m. At the same locality biotypes with 22, 26 and 28 chromosomes 
were present. The 22-chromosome type in general manifests a well 
marked preference for habitats in relatively lower situations and is 
considered to represent a subalpine ecotype. Types with 26 chromo- 
somes, on an average, reach a greater height but are highly variable in 
this respect. Thus, for instance, at Western Tatra they go further down 
than at High Tatra, where they grow at alpine localities. Types with 
28 chromosomes are almost exclusively found on lime-stone and at 
- medium height. Types with 33—35 chromosomes, finally, represent a 
single ecological group, which is distinctly alpine. Further, it shows a 
preference for acid soils on granite at High Tatra. Of the two seed- 
forming biotypes the one with 22 chromosomes was found on lime- 
stone at West Tatra and the one with 33 chromosomes on granite at 
High Tatra. 

This thorough investigation leaves no doubt that viviparous bio- 
types with different chromosome numbers have different ecological 
properties, and it also demonstrates that the biotypes with the highest 
chromosome numbers reach higher altitudes than types with lower 
numbers. 

This result has a parallel in the seminiferous Poa alpina plants 
of North Sweden. As was demonstrated above (pp. 486—488), mat- 
erial from the alpine region has, on an average, higher chromosome 
numbers than material from subalpine localities or the lowland. The 
difference is rather slight, it is true, and the same low numbers 
occurring at lower altitudes also occur in the regio alpina. However, 
in addition, higher numbers are present at alpine localities which 
were not found at lower levels and, hence, the difference in average 
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chromosome number between alpine and lower regions was found to 
be significant. 

In Poa pratensis there also seems to be a difference between the 
chromosome numbers in material from the alpine region and the low- 
land. According to NYGREN (1950), high chromosome numbers are 
more frequent in subspecies alpigena than in eu-pratensis. 

The viviparous biotypes of Poa alpina in North Sweden are 
characterized by still higher chromosome numbers and are generally 
growing at especially humid localities in the alpine region. According 
to NANNFELDT (1940), however, Poa alpina in Norway goes down to 
the coast, where humidity is also great. Hence, the high numbers may 
represent an adaptation to extreme humidity rather than to high 
altitude. On the other hand the great difference in chromosome number 
between the viviparous types in Poland and Scandinavia probably im- 
plies another example of a positive correlation between latitude and 
degree of polyploidy. 

The extensive literature concerned with this problem has been 
reviewed by LOVE and LOVE (1949). These authors also point out that 
in corresponding plant communities the frequency of polyploids seems 
to increase under extreme edaphic conditions. Thus, for instance, poly- 
ploids, on an average, seem to be better adapted to hydrophytic con- 
ditions than diploids. This may explain part of the average preponder- 
ance of polyploids in arctic regions, in which the localities are often 
very humid. GUSTAFSSON (1948) also finds that hydrophytes are made 
up of polyploids to a very high extent. This may perhaps be a direct 
consequence of the lowering of the osmotic pressure which is charact- 
eristic of autoployploids (cf. MUNTZING, 1936, pp. 295—296). This view 
is somewhat supported by the ecological properties of intraspecific 
chromosome races in Galium palustre. As first demonstrated by FAGER- 
LIND (1934, 1937), this species is represented by several different chro- 
mosome races, e.g. diploids with 24 chromosomes and octoploids with 
96. FAGERLIND observed that the octoploids grow out in the water among 
the Phragmites vegetation, whereas the diploids prefer relatively dry 
habitats on the shore. Quite analogous results were obtained by HAnN- 
cock (1942) with regard to diploid, tetraploid and octoploid races 
growing in England. 

A nice contrast to the high-polyploid viviparous Poa alpina types 
adapted to humid conditions is represented by the new diploid strain 
found by NYGREN in Switzerland. Judging from the variety name xero- 
phila, it must be adapted to dry habitats. 
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The apparent correlation between polyploidy and humidity pre- 
ference in Poa alpina, however, is much disturbed by the fact that the 
dominating type in Oland and Gotland has a relatively high chromo- 
some number (41) in spite of the fact that this material is growing at 
localities which during most of the summer are quite dry. 

It should not be forgotten, however, that in most cases the super- 
iority of the polyploids is not in the first place due to the polyploidy as 
such but to the genetic constitution of the various genomes present in 
the polyploid strain (cf. MELCHERS, 1946; LOVE and LOvE, 1949). Al- 
ready from the classical investigation of BABCOCK and STEBBINS (1938) 
on Crepis we know that the superiority of polyploid apomicts in this 
genus is primarily due to the fact that the polyploids combine the ecolo- 
gical properties of different diploid species. CLAUSEN (1952), working 
with species crosses in Poa, has given new examples of the same phen- 
omenon. Thus, for instance, the F, hybrid Poa ampla X pratensis was 
found to have an excellent ecological ability surpassing that of the 
parent species. The hybrids of this combination are largely produced 
by the union of unreduced eggs of ampla with reduced pollen of 
pratensis and they have, therefore, from 90 to 100 somatic chromo- 
somes as compared with 63 and 68 in its two respective parents. Many 
F,’s of this combination are apomictic and have a remarkable toler- 
ance to differences in climate, provided the climates are fairly con- 
tinental. In climates with very severe winters they outgrow the parents, 
and at lower altitudes their performance is also very creditable. 

This recalls the investigation by SOKOLOVSKAJA and STRELKOVA 
(1938) who found a very high frequency of polyploids in the high 
mountain regions of Pamir and Altai. The authors consider that poly- 
ploids will more readily than diploids adapt themselves to unfavour- 
able climatic, temperature and other conditions of life. One of their 
examples is from the genus Poa, in which Poa sibirica with 2n=28 
ranges mostly over the meadow-lands of valley territoriés, whereas 
Poa alpina, altaica, tibetica and others were found to have 2n=42 and 
to be native at high mountain meadows. 

Not only in Poa alpina but also in other species there is a ten- 
dency for viviparous species or biotypes to have higher chromosome 
numbers than their seminiferous relatives. Such is the case in Festuca 
ovina (TURESSON, 1930, 1931) where the seed-producing forms were 
found to be diploid, the viviparous triploid, tetraploid and hexaploid 
with a gradual increase in the degree of vivipary with increasing chro- 
mosome number. FLOVIK (1938) has also observed a viviparous ovina 
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form with 2n=49. In the viviparous Deschampsia alpina NYGREN 
(1949 a) found the chromosome number to range from 39 to 56, whereas 
the non-viviparous species of the genus have lower chromosome num- 
bers. NYGREN believes that the chromosome races of D. alpina are to 
be looked upon as polyploid derivatives of D. caespitosa having 2n=26. 
As in Festuca, the degree of vivipary was found to increase with in- 
creasing chromosome numbers. 

As emphasized by NANNFELDT (1940), the rule that viviparous 
types have higher chromosome numbers than related non-viviparous 
types is not without exceptions, and with regard to the biotypes of 
Poa alpina occurring in Poland and Switzerland no difference in chro- 
mosome number between the two categories could be found. However, 
comparisons in these cases are premature. In Switzerland the viviparous 
category was only represented by 2 biotypes and in Poland it was the 
other way round, the viviparous biotypes being in great majority and 
only 2 seminiferous biotypes so far being investigated. 

6. Degree of polymorphism in different areas. Biotype groups. — 
In the preceding paragraph it was pointed out that in Poa alpina the 
same range of chromosome numbers was found in the alpine region 
as at lower altitudes but also higher numbers not occurring at lower 
levels. Already from this fact it is rather evident that the degree of 
genotypical polymorphism must be higher in the alpine region than in 
the lowland. This was definitely proven by means of morphological 
studies, which showed that groups of identical or similar biotypes were 
frequently met with in material from the lowland or subalpine local- 
ities, whereas in the alpine region such groups were fewer and more 
restricted to narrow local areas. The same fact may also be expressed 
by saying that the number of morphologically specific types were more 
frequent at high altitudes than at low ones. Thus, it is evident that in 
the lowland the frequency of different biotypes is relatively restricted, 
and this explains why in certain cases progenies from widely different 
regions were found to represent the same biotype (pp. 479—480). 

This fits in rather nicely with the view expressed by TURESSON 
(1927) that the glaciations meant greater destructions to the lowland 
ecotypes, while the alpine ones were able to survive in ice-free refuges. 
A number of species populations were entirely deprived of their low- 
land ecotypes and are, therefore, now only represented by arctic and 
alpine ecotypes. The lowland ecotypes of other species populations 
were not entirely lost but became poor in biotypes. It seems rather likely 
that Poa alpina may belong to this category. Another possibility might 
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be that new biotypes have arisen in the alpine population which had 
such a constitution that they could establish themselves in the lowland. 
However, in view of the presumably very severe selection during 
periods of glaciation it is rather unlikely that genes favouring lowland 
life were still present in the alpine populations. 

Another interesting difference in the degree of polymorphism be- 
tween different areas was found with regard to the 41-chromosome 
biotypes occurring in the islands of Oland and Gotland. Whereas the 
Oland material of this kind could be subdivided into several different 
morphological groups the corresponding material from Gotland was 
much more uniform, most progenies belonging to one morphological 
group which was identical with some of the types from Oland. This 
must mean, either that once a larger number of biotypes came to Oland 
than to Gotland or, more probably, that the 41-chromosome biotypes 
in Oland are older than those in Gotland, and that Gotland has sec- 
ondarily received its 41-chromosome biotypes from Oland. In this prob- 
able emigration from Oland only one or a few biotypes may have been 
represented and this has resulted in a rather homogeneous population 
in Gotland which has not yet become much differentiated. 

It should be observed, however, that there is also another quite 
different category of Poa alpina in Gotland, represented by biotypes 
having 2n=33. This material, which has no counterpart in Oland, is 


‘split up into two main morphological types. No special morphological 


similarity can be found between these types and material from VAaster- 
gétland or North Sweden having the same chromosome number. Yet 
the peculiar aneuploid chromosome number indicates that far back 
all these types may be derived from related ancestors. One tentative 
possibility is that they are derived from various secondary diploids 
with 2n=22, in which the production of types with 33 chromosomes 
might easily occur through fertilization of unreduced ovules. Some 
»triploid» aberrants in the present material were found to be quite or 
almost quite apomictic and true-breeding (p. 467) and, hence, 33-chro- 
mosome types arisen in the way suggested might be constant im- 
mediately. 

As the concentrations of different biotypes is lower in some regions 
than in others the question may be raised whether a taxonomical treat- 
ment of this material would be possible. In a few cases something of 
this kind might be done. Thus, in Gotland the 41-chromosome type 
might probably be taxonomically distinguished from the two main 
groups of biotypes with 33 chromosomes and these are rather different 

Hereditas XL. 33 
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inter se. The 41-chromosome type in Oland has already been described 
by TURESSON (1927) as »Poa alpina oect. pediaca», and the slender, 
almost annual 35-chromosome type from Oland might perhaps also 
be distinguished as a special variety. A few of the biotype groups 
occurring in the lowland in North Sweden might perhaps be taxonom- 
ically distinguished but would probably be difficult to recognize in the 
field, most characteristica being of a quantitative nature. In the alpine 
region, finally, the polymorphism is certainly so great that a taxonomical 
treatment of this polymorphism is quite excluded. 

In another apomictic Poa species, Poa arctica, conditions are some- 
what similar to those in alpina and here NANNFELDT (1940) has been 
able to distinguish several subspecies, six of which represent the Scan- 
dinavian biotypes. Three of these are glacial survivors from Central 
Norway which only represent remnants of a pre- or inter-glacial Poa 
arctica population once more richly differentiated. One of these sub- 
species is now quite uniform, is viviparous and has only one chromo- 
some number (NYGREN, 1950). The other two subspecies are seed- 
forming and totally apomictic, each comprising biotypes with a narrow 
range of different chromosome numbers. Other arctica populations, 
outside Scandinavia, have been found to be too complex for taxonomical 
treatment. NANNFELDT (1940) ascribes this to the occurrence of partial 
sexuality and intercrossing, which results in a great polymorphism 
which cannot be taxonomically entangled. 

7. Formation of new biotypes. — The most obvious source of new 
biotypes in Poa alpina as well as in other more or less apomictic 
species of Poa is probably the occasional occurrence of fertilization of 
reduced or unreduced egg cells leading to the appearance of morpholog- 
ically and cytologically deviating aberrants. In Poa pratensis such 
aberrants were always found to be sexual but in later generations some 
descendants may revert to apomictic propagation again (observations 
by CLAUSEN and collaborators, cited from NYGREN, 1949b, p. 297). As 
demonstrated above, the situation in Poa alpina is somewhat different, 
many of the aberrants, and even »triploids», being totally or pre- 
dominantly apomictic. In such cases new biotypes may arise in one 
step. The trouble is only that in practically all cases observed by me 
such aberrants and their progeny were clearly inferior in vigour and 
would not have a chance to survive under natural conditions. 

However, as an enormous number of deviating aberrants are pro- 
duced every year in the natural populations of the species, it is quite 
likely that a few of them will survive and will enrich the species popu- 
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lation. Indications of this are represented, e.g., by some apomicts with 
deviating chromosome numbers observed in Oland and Gotland. One 
plant collected at Hulterstad, Oland, had 43 chromosomes, instead of 
41, and produced a constant but rather weak progeny which probably 
would have been eliminated rather rapidly in its original habitat. From 
Gotland some biotypes were also found to be deviating in a similar way. 
A biotype from Bro—Hejde had 40, instead of 41, chromosomes, but as 
far as the observations go the lack of one chromosome had no visible 
effect in this case. A 34-chromosome biotype from Storugns was 
similar to certain biotypes with 33 chromosomes but was considered to 
be specific and had evidently fairly good vigour. Another biotype from 
Broby—Far6 had 2n=43 and was rather weak and slender. All these 
cases probably go back to aberrants which had appeared under natural 
conditions. 

The fact that the chromosome numbers 41 and 33 are nevertheless 
quite predominant in Gotland suggests that such aberrants and their 
progenies are in most, perhaps all, cases more or less ephemerical, and 
that the differentiation of new successful biotypes may instead pre- 
dominantly occur by mutation. It must be admitted, however, that this 
view is only supported by indirect evidence. No new mutant types with 
changed morphology, unchanged chromosome number and good vigour 
have been observed to arise in my cultures. However, they must be 
more difficult to distinguish than the clearly deviating aberrants which 
in most cases are conspicuous by their reduced vigour. It is also difficult 
to imagine how the marked polymorphism within the main 41-chro- 
mosome type in Oland could have arisen by fertilization and genetic 
recombination without change of chromosome number. It seems more 
plausible to assume that the polymorphism has slowly and gradually 
been increased by mutations affecting a small fraction of the enormous 
seed material formed each year. The same process may also be res- 
ponsible for much of the polymorphism in North Sweden and else- 
where. However, the great range of different chromosome numbers in 
these regions also indicates that fertilization and recombination may be 
at work. 

It is also possible that somatic non-disjunction and elimination of 
single chromosomes may be important. This was stressed by SKALINSKA 
(1952) who mentions that in several cases the chromosome number in 
the root tips showed a certain degree of variation within the individuals. 

Such processes, fertilization or somatic changes in chromosome 
number, may explain certain cases in which members of the same mor- 
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phological group are slightly dissimilar and at the same time show 
slight differences in chromosome number. Such was the case in 
Group III of the North Swedish material with the chromosome numbers 
38 and 40 (cf. p. 477). The same phenomenon was repeated in Group IV 
(p. 477) in which slightly different biotypes were found to represent the 
numbers 43, 44 and 45. 

As the range of habitats is more varied in the large alpine and 
subalpine regions it is not improbable that fertilization and recom- 
bination will have a better chance to produce viable and valuable pro- 
ducts in such areas than in such restricted and relatively uniform 
regions as Oland and Gotland in which mutation rather than recom- 
bination may lead to a differentiation of the material. 

In the related species P. pratensis the formation of more or less 
sexual aberrants is certainly of great importance for the preservation 
of the polymorphism. Evidence has also been obtained that some derived 
sexuals have good vigour and fertility (AKERBERG, 1941) and it is further 
realized that sexual individuals may produce year after year a very 
large number of different recombinations some of which may be 
successful. Apomixis and sexuality are in this species not antagonistic 
but coordinate phenomena (GUSTAFSSON, 1947). The same is probably 
true also of Poa alpina, though in this species the cooperation between 
apomixis and sexuality may be more successful in some regions than 
in others. 

8. Chromosome number and morphology. — TISCHLER (1954) in- 
cludes Poa alpina among the so-called »dysploid» plant species which 
are characterized by unusual variability in chromosome number but 
which do not show any clear morphological or physiological effects of 
this chromosomal variation. Such is, indeed, the situation in a sexual 
strain from Switzerland which had an oscillating chromosome number 
and in which no correlation between chromosome number, vigour and 
fertility could be found (MUNTZING, 1940, pp. 128—130). In the present 
material measurements of a series of morphological characters were 
undertaken in 84 progenies from North Sweden. As this material re- 
presented a range of different chromosome numbers attempts were 
made to find correlations between chromosome number and the various 
characters measured. Only in a single case a significant coefficient of 
correlation was obtained, plants with higher chromosome numbers 
having a longer straw than those with lower numbers. It was suspected, 
however, that this result was caused by special genes rather than by 
the chromosome number as such. This suspicion is strengthened by 
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results obtained by SKALINSKA (1952) who in her material found that 
the straws were shorter in biotypes with high chromosome numbers 
than in those with low numbers. Otherwise SKALINSKA found it im- 
possible to draw conclusions concerning the probable chromosome 
number of a biotype from its morphology. However, biotypes with high 
chromosome numbers were characterized not only by shorter straws 
but by having thicker and stiffer straws, longer panicles and coarser 
bulbils. Especially the thicker straws and the coarser bulbils indicate 
a direct effect of the higher chromosome number, causing the cells to 
be larger. 

It might be imagined that such effects are more likely to appear 
in a viviparous material in which the original effects of an increased 
chromosome number are not levelled out by genetic recombination 
occurring to a certain extent among seminiferous biotypes. 

The absence or low degree of correlation between chromosome 
number and morphology in a variable material found in nature does not 
imply that the chromosomes in question are genetically inert. The 
following circumstances demonstrate that they are still active: 

In sexual strains containing plants with a range of different chro- 
mosome numbers the morphological variation is much greater than in 
apomictic strains only representing a single chromosome number (cf. 
MUNTZING, 1932, pp. 137-138). The apomictic strains are, indeed, mor- 


‘phologically exceedingly uniform but sometimes contain single mor- 


phologically deviating individuals. In all cases studied these aberrants 
were found to have deviating chromosome numbers and thus the gener- 
ally slight change in chromosomal constitution must be responsible for 
the morphological alteration. It must be admitted, however, that in a 
few cases there was evidence of a change in chromosome number which 
had escaped observation. Such cases were exceptional and chiefly con- 
cerned +triploid individuals which seem to be more difficult to dis- 
tinguish than aneuploid aberrants. 

The morphological comparison between different progenies and 
the possibility of uniting various progenies to morphological groups 
also has a bearing on the present problem. Thus, it was found that pro- 
genies which were morphologically identical always had the same chro- 
mosome number. This would not have been expected if the chromo- 
somes had been inert. Secondly, if two progenies differed in chromo- 
some number they were always morphologically dissimilar. Several 
cases were met with in which progenies were morphologically similar 
and obviously related but nevertheless showed a difference sufficiently 
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large to be noticed. In such cases the differentiation might be pure}; 
genic, the progenies having the same chromosome number, or the 
genetic difference might involve a slight change in chromosome nun- 
ber. Even if there was a difference of but one chromosome, the chro- 
mosome numbers being for instance 43 and 44, this difference had 
noticeable morphological consequences. Thesa data certainly indicate 
that all these chromosomes are genetically active. However, the rather 
high absolute chromosome number and at least partially autopolyploid 
constitution will have a buffering effect, diminishing the effects of 
single genes and chromosomes. 

9. Meiosis and fertility. — Meiosis in apomicts of Poa alpina has 
not yet been studied sufficiently, but from the evidence available 
(MUNTZING, 1932, 1940, and additional data in the present paper; 
FLOVIK, 1938, p. 316; NYGREN, 1950) we know that in all the biotypes 
so far examined meiosis is irregular. In some of them complete I-M con- 
figurations have been distinguished, showing the presence of univalents, 
bivalents, trivalents and larger multivalents in various proportions. In 
two biotypes with 33 chromosomes (from Pajala and Hoting) the 
number of chromosomes present at meiosis was found to be the same 
as in the root tips, and, thus, there is at present no reason to assume 
that accessory chromosomes of the kind observed in a strain of diploid 
sexual alpina (MUNTZING, 1946, 1948) also occur in the apomicts. In the 
sexual strain the accessory chromosomes disappear from the root tips 
but are present at meiosis. They are also smaller than the ordinary 
chromosomes and more heterochromatic. In the apomicts the somatic 
chromosomes are not all of equal size and in some biotypes (cf. p. 468) 
they are sufficiently small to be denoted as fragments. Fragments were 
also found to be present by FLOvIK (1938) in a viviparous biotype from 
Spitzbergen. As these smaller bodies are present in the root tips, they 
must be considered to belong to the A-chromosome category rather 
than to the B-chromosomes. The presence of such fragments may con- 
tribute to the formation of aneuploid chromosome numbers, as sug- 
gested by RANCKEN (1934), but their presence is probably occasional 
and does not invalidate the view that we have in Poa alpina in most 
cases a real aneuploidy (cf. MUNTZING, 1940, pp. 179—180). 

In spite of the meiotic irregularities pollen fertility in the aneu- 
ploids of Poa alpina is surprisingly good, but as pointed out previously 
(MUNTZING, 1940, p. 178), this is probably a result of gene reduplication 
caused by autopolyploidy. Previous data as well as new ones reported 
in the present paper demonstrate that in plants with low chromosome 
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numbers pollen fertility is less good and pollen size more variable than 
in plants with higher numbers. Two circumstances may be responsible 
for this fact. The first one is a stronger buffering effect in plants with 
high numbers and the second one a more regular meiosis in plants with 
higher numbers than in those with 33 chromosomes, in which meiosis 
is, indeed, very irregular. 

As pointed out by AKERBERG (1941), the good pollen fertility in 
apomicts of the Poa species is also in part the result of natural selection. 
The species are pseudogamous (cf. AKERBERG, 1941; HAKANSSON, 1943) 
and good pollen quality is therefore a necessary prerequisite for a 
regular seed formation. In progenies of more or less sexual plants 
segregants with a greatly reduced pollen fertility are frequently met with. 
This as well as some other data (cf. MUNTZING, 1940, pp. 129—130) 
indicates that pollen fertility in Poa alpina and pratensis is not only 
influenced by the mode of meiosis and the buffering effect of chromo- 
some reduplication but is also, in some cases, under genetic control. 


SUMMARY. 


(1) Material of Poa alpina from North Sweden and the islands of 
Oland and Gotland in the Baltic Sea was investigated with regard to 
chromosome number, morphology and degree of constancy caused by 


‘apomictic seed formation or vivipary. Additional data were gathered 


from a smaller material derived from Norway, Iceland and Greenland. 

(2) In the seed-forming types from North Sweden 18 different 
chromosome numbers were found, ranging from 32 to 50. The numbers 
33 and 38 are quite predominating and a third maximum at 44 is also 
obvious. The Gotland material shows two clear maxima, one at 41 and 
the other one at 33. In Oland the number 41 is quite predominating and 
the number 33 quite absent. Instead, there is a small group with 35 
chromosomes. The material from Norway, Iceland and Greenland 
shows a similar range of chromosome numbers as the material from 
North Sweden. The viviparous biotypes from North Sweden had, on 
an average, higher chromosome numbers than the seminiferous ones, 
showing a range from 38 to 56. 

(3) The progenies raised were mainly uniform but comprised a 
low proportion of deviating plants, such aberrants generally being less 
vigorous than the normal sister plants. The percentages of clearly or 
possibly aberrant plants were as low as 1,29 for North Sweden, 2,52 for 
Oland and 1,62 for Gotland. In all cases examined the morphologically 
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deviating plants were also cytologically deviating, their chromosome 
number, as a rule, being somewhat lower than in the normal sister 
plants. In some cases the aberrants were approximately triploid. Pro- 
genies of aberrant plants were in some cases more or less constant, in 
other cases variable. Thus, the aberrants may be more or less sexual but 
in most cases (in contrast to the conditions in Poa pratensis) they are 
predominantly apomictic. 

(4) A morphological study of the material cultivated in the experi- 
mental field revealed an enormous morphological diversity with sharp 
differences between the various progenies. However, especially among 
material from the same local region cases of morphological identity or 
similarity between progenies were not infrequent, and in such cases it 
was possible to establish morphological groups of progenies. Progenies 
considered to be morphologically identical were also found to have the 
same chromosome number; progenies differing in chromosome number 
were always morphologically dissimilar. 

(5) The Oland material of Poa alpina is characterized by the 
occurrence of one dominating morphological type with 2n=41 involving 
35 of the 53 progenies observed. Within this group, however, there is 
much local subdivision. The 35-chromosome plants represent a quite 
different type. 

(6) The 41-chromosome biotypes from Gotland belong to the same 
main morphological type as most of the Oland biotypes but in striking 
contrast to them the 41-chromosome progenies from Gotland are widely 
identical, most of them probably representing exactly the same biotype. 
The biotypes with 33 chromosomes in Gotland could be subdivided into 
two well separated groups. 

(7) The material from North Sweden could be divided into 19 mor- 
phological groups and a number of specific biotypes. Such biotypes 
are more numerous and, hence, the polymorphism is more pronounced 
in the alpine region than at subalpine localities and in the lowland. 
The relative scarcity of different biotypes in the lowland explains cases 
of identity between progenies from widely different parts of North 
Sweden. On an average, the alpine biotypes have higher chromosome 
numbers than biotypes from lower regions. 

(8) Additional data on meiotic chromosome associations and pollen 
fertility are given. A positive correlation between chromosome number 
and pollen fertility was established. Attempts to correlate chromosome 
number and various morphological characters gave an almost com- 
pletely negative result. 
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(9) Of the conclusions reached in the discussion chapter the follow- 
ing ones seem to be of most interest: 

(a) The average degree of apomixis and the average chromosome 
number in Poa alpina are lower in Switzerland and Poland than in 
Scandinavia. 

(b) SKALINSKA’s observation that in the Polish mountains the bio- 
types with the highest chromosome numbers reach the highest altitudes 
has a counterpart in North Sweden, where the average chromosome 
number is higher in the alpine region than at lower levels. 

(c) As the chromosome numbers of the Swedish alpina apomicts 
are not distributed at random, one or a limited number being dominating 
in each region, identity in chromosome number between types from 
different regions indicates a definite relationship. 

(d) The 41-chromosome biotypes occurring in Gotland are prob- 
ably secondarily derived from those occurring in Oland, one or a few 
of the many biotypes in Oland having emigrated to Gotland at a time 
when the Olandic population had already become differentiated into 
many biotypes. 

(e) New biotypes are not only produced through occasional fertili- 
zation and production of aberrants with deviating chromosome numbers 
but probably also through mutation without change in chromosome 
number. The two processes may be of different importance in different 
regions. Somatic non-disjunction and elimination may also contribute 


to the polymorphism. 
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UBER HOCHKOMPLEXE BAST ARDVER- 
BINDUNGEN IN DER GATTUNG SALIX 


VON HERIBERT NILSSON 


BOTANISCHES INSTITUT, LUND, SCHWEDEN 





\ | EINE Bastardierungsversuche mit Salix begannen im Jahre 1906 
(HERIBERT NILSSON, 1918), sind also bald 50 Jahre gelaufen. Ich 


habe dabei nicht nur analytisch, sondern auch synthetisch gearbeitet. 
Uber den sukzessiven Aufbau eines septeniren Produkts habe ich 
schon 1937 berichtet. Dieses war folgendes: 


Salix 

(purpurea L.Xdaphnoides VILL.) | 

x 
(repens L. Xaurita L.) | 

x 
(phylicifolia L. s. lat. WeigelianaX ph. nigricans) 

x 

(viminalis L. X caprea L.) 


Ich habe diese hochkomplexe Bastardpopulation S. polygena ge- 
nannt. Von ihrem Aufbau, ihren Eigenschaften und ihrem artbildungs- 
theoretischen Wert habe ich in meiner neulich erschienenen Arbeit tiber 
das Artbildungsproblem (HERIBERT NILSSON, 1953) ausftihrlich be- 
richtet. 

Den polygena-Komplex habe ich zuerst (1937) eine oktonire Ver- 
bindung, spater (1953) eine septenare genannt. Die Ursache ist, dass ich 
die vieldebattierten Arten S. phylicifolia L. s. str. (S. Weigeliana WILLD.) 
und S. nigricans SM. (S. phylicifolia 6 L.) als eine einzige Spezies, 
S. phylicifolia L. s.lat., betrachten muss (HERIBERT NIL3SON, 1953, 
pp. 256—260). Uber die verwendete ternaire Benennung der Teilpopula- 
tionen der Spezies habe ich in angegebener Arbeit (pp. 340—342 und 
352—355) die Motivierung gegeben. 








Mein Bestreben ist wihrend der letzten Jahrzehnte gewesen, noch 
weitere Komplexverbindungen darzustellen. In der betreffenden Arbeit 
konnte ich schon von einer gelungenen Komplexverbindung von, 13 


Spezies berichten und zwar: 
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polygena (aus 7 Spezies) 
x 
(silesiaca X aegy ptiaca) 
x 
(grandifolia X gracilistyla) 
x 
(cinerea X glabra) 








Von dieser Population habe ich im Versuchsgarten 13 Pflanzen. 
Die Mehrzahl hat in bezug auf die Blattform den in Fig. 1, rechts, 
angegebenen Typus. S. cinerea und glabra pragen das Aussehen am 
deutlichsten, dazu grandifolia. Das ist indessen auch natiirlich, denn 
der oktonaére Komplex ist ja zur Halfte von Genen der erstgenannten 
Spezies aufgebaut. Die neuen Bastarde silesiaca X aegyptiaca, grandifolia 
Xgracilistyla and cinerea Xglabra sind, wie das Schema angibt, nicht 
wie ein neuer 6-Bastard mit polygena gekreuzt, sondern sind sukzessiv 
diesem Komplex zugefiigt. Die Gene der 7 polygena-Stammarten sind 
also dreimal stark zuriickgedrangt worden. Dass sich Merkmale dieser 
Arten starker sichtbar machen sollten, ist deshalb kaum zu vermuten. 
Die grossblattrigen Arten der drei letzten Einkreuzungen, vor allem 
aegyptiaca, grandifolia und glabra, bewirken ein Aussehen, das nicht 
gering eine Teilnahme von caprea in dem Endprodukt vortauscht. 

Die tredezenire Kreuzung wurde 1950 ausgefiihrt. Drei ver- 
schiedene Verbindungen wurden zwischen Straiuchern des undezenaren 
Komplexes, von dem ich 81 Straucher hatte, und cinerea Xglabra, die 
44 Straucher enthielt, ausgefiihrt. In samtlichen Fallen war der Samen- 
ansatz recht gut, aber die Samen waren von sehr differenter Keimfahig- 
keit und Keimkraft. Zum Auspflanzen im nachsten Jahr blieben nur 13 
Pflanzen tbrig. 

Diese sind nun nach vier Jahren gut gewachsen. Vier Straucher 
sind klein, drei sehr kraftig, deutlich heterotisch, die tibrigen mittel- 
kraftig. In bezug auf den habituellen Typus reprasentieren sie eine ganz 
besondere Population. Zwei Extremtypen betreffs der Vitalitat sind in 
Fig. 1, a und b, zu sehen. Die Mehrzahl der 13 Straucher dhnelten in 
bezug auf die Blattform dem in der Fig. 1a dargestellten Typus. Sie 
waren oval, rundlich bis verlangert, in einigen Fallen aber schméaler, 
elliptisch oder verkehrt eif6rmig. Im ersten Falle erinnern sie am 
meisten an die Arten caprea, grandifolia und glabra, im letzteren an 
cinerea und gracilistyla. Die Gene der 7 polygena-Arten, ausser caprea, 
sind kaum habituell zu bemerken. Das ist ja nicht zu verwundern. 


/ 
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b a 
Fig. 1. Zwei Extremtypen in bezug auf die Blattform und die Vitalitat des tredezenaren 
Bastards. 


Denn die neuen Bastarde, silesiacaXaegyptiaca, grandifolia X gracili- 
styla und cinerea X glabra, sind — wie schon oben erwahnt — sukzessiv 
mit dem polygena-Komplex gekreuzt worden. Die Gene der 7 polygena- 
Stammarten sind deshalb dreimal stark zuriickgedrangt worden. Denn 
bei der wiederholten Kreuzung zwischen Komplexbastard x neuem bi- 
naren Bastard tragt ja der letztere zur Halfte mit den Gameten bei, 
wihrend die sieben polygena-Arten nur zusammen zur anderen Halfte 
mit Spaltungsgameten beitragen. Bei jeder wiederholten Kreuzung fin- 
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det eine derartige »Auswasserung» des polygena-Komplexes statt. Ha- 
bituell war von den Arten dieser Verbindung: aurita, daphnoides, phy- 
licifolia, purpurea, repens und viminalis nichts zu sehen. 

Die Ahnlichkeit mit caprea kann eigentiimlich vorfallen, denn 
diese Art ging schon in dem polygena-Komplex ein, diirfte deshalb 
genisch sehr depauperiert sein. Da ich friiher gezeigt habe, dass cinerea 
als amphidiploid aus viminalis Xcaprea hervorgegangen ist (HERIBERT 
NILSSON, 1931), sind caprea-Gene wirklich von Neuem in dem Endkom- 
plex eingefiihrt worden. 

Kein Strauch hatte ganz kahle Blatter. Die Rippe war immer be- 
haart, ebenso der Blattstiel, ober- und unterseits. Die Spreite war langs 
der Rippe behaart, aber dann + kahler werdend, und gegen den Blatt- 
rand war sie immer ganz kahl. 

Die Haare der Blattunterseite waren + vorwdrtsgerichtet, ganz 
wie bei phylicifolia nigricans. Diese Spezies geht ja zwar in polygena 
ein, aber es war kaum zu erwarten, dass ihre Behaarung sich so stark 
in dem Endprodukt geltend machen kénnte. Der Charakter stammt 
auch nicht aus dem nigricans-Typus der phylicifolia, sondern aus einer 
der zuletzt eingekreuzten Arten, namlich gracilistyla, die strikt vor- 
wartsgerichtete Haare der Blattunterseite hat. 

Die Rippe war bei saimtlichen Strauchern + rétlich gefarbt. Da 
sowohl silesiaca wie auch aegyptiaca und grandifolia rétlich oder rot- 
lich angehauchte Rippen haben, ist das verstandlich. Denn diese Arten 
gehoren alle zu den zuletzt eingekreuzten. 

Der Blattrand war bei der Mehrzahl der Straucher, besonders der 
grossblattrigen, kerbig bis bogig oder gross ausgebissen gesagt, also 
immer von auffallender und unregelmiassiger Zerschlitzung. In dieser 
Eigenschaft erinnerte der Komplexbastard am meisten an aegyptiaca 
und silesiaca. 

Die Mehrzahl der Straucher hatte keine oder sehr kleine Neben- 
blatter; nur bei zwei Individuen kamen sie wohl ausgebildet vor. 

Eine Eigenschaft, die fiir die cinerea-Gruppe sehr charakteristisch 
ist, ist die am Holz vorkommenden Striemen. Von den drei Strauchern, 
die so wohlentwickelt waren, dass diese Eigenschaft untersucht wer- 
den konnte, zeigten samtliche Striemen auf. S. cinerea war ja auch eine 
der zuletzt eingekreuzten Arten. 

Die Halfte der Straucher hat schon gebliiht. Alle waren Q. Ich 
habe versucht, noch einen binadren Bastard, namlich integra THUNB. X 
incana SCHRANK, in dem tredezeniren Produkt einzukreuzen. Bis jetzt 
ist es wegen der offenbar starken, vielleicht vollstandigen Sterilitat 
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dieses, misslungen. Von integra Xincana habe ich indessen mehrere C- 
Straucher, die noch nicht untersucht sind. Und die Kreuzung cinerea X 
glabra (also der letzte Zufiigungsbastard des Tredezendren) habe ich 
mit integra Xincana kreuzen kénnen. Es ist deshalb wohl nicht ganz 
aussichtslos, in angegebener Weise einen quindezenaren Bastard er- 
halten zu kénnen. 


Sehr viel interessanter ware indessen, durch zwei quaternare Ba- 
starde ein oktonares Produkt ganz anderer Arten als die, welche in 
polygena eingehen, aufzubauen zu versuchen und dann diesen Komplex 
mit polygena zu kreuzen, also nicht sukzessiv, sondern so »schnell» 
wie méglich einen hochgenischen Komplex aufzubauen. 

Das Fertigstellen einer derartigen oktonéiren Kreuzung ist mir 
schon gelungen. Diese ist 


(cinerea X oo | 
via incana) | 
(grandifolia - silesiaca) 


x 
(aegyptiaca X Reinii) 





Von den in diesem Komplex eingehenden Arten ist nur eine schwe- 
disch und europaisch, namlich cinerea. S. grandifolia SER., silesiaca 
WILLD., incana SCHRANK und glabra Scop. sind mitteleuropaisch, aegyp- 
tiaca L. ist siidwestasiatisch (FLODERUS, 1933), gracilistyla MIQUEL, 
integra THUNB. (amplexicaulis CHAUB., multinervis FRANCH. et SAV.) 
und Reinii FRANCH. et SAV. sind alle ostasiatisch (Kina, Korea, Japan). 

In bezug auf die zytologischen Verhaltnisse sind die Arten glabra, 
gracilistyla, grandifolia, incana und silesiaca normal diploid (n=19). 
S. Reinii hat sich als oktoploid erwiesen, aegyptiaca als tetraploid 
(HAKANSSON, unpubliziert). Uber die tetraploide (amphidiploide) S. ci- 
nerea habe ich friiher berichtet (HERIBERT NILSSON, 1931). S. integra 
ist noch nicht untersucht. 

Die oktonéire Kreuzung der beiden quaterniren Komplexe wurde 
1952 durchgefiihrt. Der Samenansatz war recht gut, aber die Mehrzahl 
der Samen war klein, bleich, schon dem Aussehen nach von geringer 
Vitalitat und kaum entwicklungsfahig. Nur vereinzelte waren wohl- 
ausgebildet, griin. Fiir die Kreuzung hatte ich 5 Katzchen von je 3 
Zweiglein gekapselt. Da ein Kiatzchen ca. 50 Bliiten enthalt und da 
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jede Kapsel gew6éhnlich mehr als 1 Samenanlage hat, wurden mehr 
als 1000 Samenméglichkeiten gepriift. 

Von den scheinbar guten, griinen Samen entstanden mehrere 
Pflanzen. Wahrend des Vorsommers begannen sie, kaum noch 1 cm 
hoch, zu vergilben. Zuletzt blieb nur eine einzige Pflanze iibrig, die 
weiter wuchs. Da auch diese im Hochsommer ein gelbliches Aussehen 
annahm, fiihrte ich ihr Nahrlésung oft und jedesmal sparlich zu. Sie 
erholte sich und hatte im Herbst eine Héhe von 1 dm. Sie tiberwinterte 
gut und ist nun (August 1954) eine kraftige, verzweigte, 30 cm hohe 
Pflanze. 

Die Aussicht, dass es mir gelingen wird, einen Bastard aus 15 
Salix-Spezies herzustellen, scheint also recht gut zu sein. Auch falls der 
oktonidre Bastard ein Q-Strauch wird, wie in den Komplexverbindungen 
sehr gewohnlich, so liegen von der septenaéren polygena schon C- 
Straucher vor. 


ZITIERTE LITERATUR. 


1. FLODERUs, B. 1933. Salix aegyptiaca L. — Arkiv for Bot. 25 A, Nr. 11. 

2. HAO, KiIn-CHEN. 1936. Synopsis of Chinese Salix. — Berlin. 

3. NAKAI, T. 1930. Salicaceae. Flora Sylvatica Koreana. Pars 18. — Keijijo. 

4. NILSSON, HERIBERT. 1918. Experimentelle Studien iiber Variabilitaét, Spaltung, Art- 
bildung und Evolution in der Gattung Salix. — Lunds Univ. Arsskr., N. F., 
Avd. 2, Bd 14, Nr 28. 


5. — 1931. Uber das Entstehen eines ganz cinerea-iihnlichen Typus aus dem 
Bastard Salix viminalis xX caprea. — Hereditas XV. 

6. — 1937. Ein oktonidrer, fertiler Saliz-Bastard und seine Deszendenz. — Here- 
ditas XXII. 

7. — 1953. Synthetische Artbildung. Grundlinien einer exakten Biologie. I—II. — 


Lund, C. W. K. Gleerups Forlag. 1303 pp. 
TOEPFFER, AD. 1915. Salices Bavariae. — Miinchen. 























ABSTRACTS 523 





ABSTRACTS 


ARTUR HAKANSSON: Transmission of accessory chromosomes 
in Poa alpina. 


Accessory chromosomes were detected in Poa alpina by MUNTZING who has 
described their appearance and behaviour in detail (MUNTZING, 1946, 1948). 
They occurred in a certain sexual strain with the diploid chromosome number 
(2n=14). The accessory chromosomes were considerably smaller than the or- 
dinary ones, and they had a median centromere. MUNTZING established certain 
interesting peculiarities. Most accessory chromosomes are heterochromatic; in 
Poa alpina, however, they showed only certain “symptoms of being heterochro- 
matic” (compare also HAKANSSON, 1948). At diakinesis and first metaphase 
they never formed multivalents, but only bivalents or/and univalents. As also 
observed in Sorghum purpureo-sericeum, the accessories seem to be restricted 
to what may be termed the “germ-line” of the plant: they occurred in pollen 
mother cells but were absent in roots. Later it was found that they are eli- 
minated in young leaves, too (MUNTZING, 1949). In contradistinction to Sorghum 
the accessories are present in the primary root of the young plant; only rarely 
one or two accessories were lost during the development of the embryo, mostly 
in the primary root during the last division before the resting stage (HAKANS- 
SON, 1948). 

The number of accessories was rather high, MUNTZING counted 2—8 in 34 
plants. Plants having an even number were more frequent than plants with an 
odd number. These facts suggested to MUNTZING an accumulation mechanism 
tending to increase the number of accessories. Such a mechanism has been 


_ found in different grasses in the form of non-disjunction of accessories at the 


first, or more rarely the second, pollen mitosis (Secale cereale, Festuca pratensis, 
Anthoxanthum aristatum, Zea mays; in Secale also at the first mitosis in the 
embryo-sac). In Poa alpina the first pollen mitosis is regular; MUNTZING, there- 
fore, assumed a somatic doubling, probably a non-disjunction involving all 
accessories. 

In the female line the accessory chromosomes of Poa alpina show a similar 
behaviour as in the anthers, nor were peculiarities observed during the deve- 
lopment of the embryo (HAKANSSON, I. c.). 

I have tried to determine the transmission of accessory chromosomes to 
the progeny, counting the chromosomes in what may be called parental plants 
and in hybrids between parental plants with a known number of accessories. 
The material has been put to my disposal by Professor MUNTZzING. This has 
been a rather time consuming task, partly owing to the difficulty of obtaining 
good fixations. In most cases MUNTZING counted the chromosomes at the first 
anaphase in the pollen mother cell, I have more often used the diakinesis stage. 
The latter stage occurs much more often in the slides and may be sufficiently 
clear to allow exact counts. A difficulty is that the number of accessory chro- 
mosomes may vary within the individual. MUNTZING (1948) stresses that the 
number of accessories is fairly constant but sometimes may vary within the 
individual not only in different years and in different panicles but also within 
the same anther loculus. 
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I have determined the chromosome number in 23 parental plants while in 
other such plants no exact counts were possible. The number of accessory 
chromosomes was on an average lower than in the plants investigated by 
MUNTZING. However, the investigated material belonged to different genera- 
tions, the plants now studied being daughters of the plants investigated by 
MUNTZING. 


Number of accessories 2 3 A 5 6 7 8 
Parental plants 3 . + 4 2 —- — 
Exact counts by MUNTZING 2 1 5 2 6 — 2 
Approx. counts by MUNTZING 1 1 6 2 5 1 2 


* In two plants also 5 were counted. 


The rather high number of plants with three accessories was unexpected. 
The numbers found scarcely speak in favour of an accumulation of accessory 
chromosomes. 

Hybrid plants were obtained from eight different reciprocal crosses where 
the chromosome number of the two parental plants were known. The result of 
the counts is listed in Table 1. Exact counts could be made in 65 hybrid plants. 


Table 1. Number of accessories in hybrid plants. 





2 3 4 5 6 
Cross 1 3X4 3 1 1 
4X3 1 
Cross 2 4X2 6 1 
2x4 2 
Cross 3 2X4 2 
Cross 4 3X4 3 4 
4X3 2” Z 1 
Cross 5 3X4 1 2 
4X3 1 1 
Cross 6 4X6 3 
6x4 4 2 
Cross 7 4X5 3 3 
5x4 2 3° 
Cross 8 4°xX4 3 3 
4x4° 3 3 
* Also 3 accessories. — ? 2 plants also 6. — * Also 5. 


In others the number was uncertain. However, in all investigated parental and 
hybrid plants accessory chromosomes were present; so far, no plant belonging 
to this strain of Poa alpina lacking accessories has been found. 

Evidence of an increase in number of accessories is absent or very weak. 
A generally functioning accumulation mechanism cannot occur. Plants with an 
“unexpected” number were few. Exceptions with one chromosome more or less 
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than the expected number are probably the result of non-disjunction of acces- 
sories at first anaphase in a parental plant. Irregular distribution at this stage 
is not unfrequent owing to the fact that accessories sometimes are unpaired. 
Another cause may be variation in number of accessories among the pollen 
mother cells of the parental plants. 

Only in cross 5 and in cross 1 we find a plant with a chromosome number 
suggesting a doubling of all accessories (from 3 to 6). 

Cross 8 showed an unexpectedly high number of accessories in several 
plants. One parental plant had, however, an oscillating number which also was 
observed in certain plants in the progeny. 

Thus, several instances of intra-individual variation in number of acces- 
sories have been found also in this investigation. The observations by MUNT- 
ZING on the behaviour of the accessories during meiosis have been confirmed. 


e 2 . e & 


& oe 
oo ” \ 
1 2 3 oo 
Figs. 1—3. Accessory chromosomes at diakinesis. — 1: plant with 3 access. II+I, 3 I 


and III. — 2: plant with 4 access. IV’s. — 3: plant with 5 access. IV+I and V. — 
Multivalents are very rare, as a rule bivalents are formed. 


At diakinesis the accessories form small bivalents with one or two terminal 


_ chiasmata. An interstitial chiasma was never observed in small bivalents though 


it may occur in larger bivalents. MUNTZING stresses that small bivalents have 
a tendency to stick together, but that a forming of true multivalents never 
occurred. The ability to form multivalents is possibly not quite absent. Figs. 
1—3 show some instances of probable multivalents. The absence of interstitial 
chiasmata makes, however, a sure conclusion difficult; it may be cases of 
stickiness. Plants with an odd number of accessories generally show a uni- 
valent at diakinesis; rarely a nucleus with three accessories has three univalents. 
At first metaphase unpaired accessories seem more frequent. As has been 
shown previously, they go undivided to the pole at anaphase while large uni- 
valents divide. Only very exceptionally a division of a small univalent was 
observed. 

The first anaphase may show irregularities. In some fixations “lagging” 
was frequent but seems in most cases not to result in chromosome loss, belated 
chromosomes being included in telophase nuclei (compare also MUNTZING). 
Irregular distribution (non-disjunction), for instance, 3+ 1 instead of 2+2 may 
occur when accessories in exceptional cases are unpaired. 

The behaviour of the accessories during meiosis seems sufficient to explain 
their transmission, though exceptional cases of doubling seem to occur. The 
failure to find any plant lacking accessories does perhaps not depend on chance 
but on the inviability of such plants (or gametes?). 

Institute of Genetics, Lund, Sweden. 
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. J. OLDEN: Giant pollen grains in fruit trees from col- 
chicine treatment in vacuum. 






































At the Balsgard Fruit Breeding Institute experiments with polyploidy in- 
duction have been performed since 1943, shortly after the foundation of the 
institute. Seeds and vegetative shoots have been treated with colchicine, and a 
series of chimaerical polyploids have been obtained in various fruit tree species 
but also a few cases of complete genome doubling. Among these latter types 
a pure tetraploid Prunus avium can be mentioned, obtained by Mrs. BERTA 
DANIELSSON-SANTESSON (unpubl.) after colchicine treatment (1 per cent solu- 
tion) of germinating seeds. 

In the late winter of 1953 the present author started some colchicine treat- 
ments with fruit buds of different Prunus species in order to get pollen grains 
with higher chromosome number for crossing purposes. 

Investigations on the effect of colchicine on meiotic chromosomes were 
first reported by WALKER (1938) and DERMEN (1938) in Tradescantia and 
Rhoeo. In 1939 LEVAN published his studies on colchicine meiosis in Allium 
(1939 a). He immersed whole inflorescenses in solutions of different concentra- 
tions; especially in 1 per cent colchicine he observed the formation of pollen 
chambers containing uninucleate pollen grains of dyad or monad type. In 
sugar beets RASMUSSON and LEVAN (1939) reported pollen grains of different 
size from colchicine treatment of stamens. 

In the fruit trees, however, the dipping methods used by the above-men- 
tioned authors seem very difficult to apply with good results. The fruit buds 
are often so densely closed by the bud scales during the meiotic division in the 
P.M.C’s that the uptake of the solution is inconsiderable. The removing of the 
bud scales will easily damage the flower buds (the young flowers in the fruit 
bud) and stop their development. Attempts were therefore made to inject the 
solution in cherry fruit buds with a thin syringe-needle. The damage caused, 
however, that nearly all of the treated buds failed to develop. In the investi- 
gated surviving flowers only one single anther with giant pollen grains could 
be found. In diploid plums the injection experiments were out of question 
because of the small size of the fruit buds. 

At the end of February, 1953 a vacuum technique was applied on pot trees 
of plums and cherries in a glasshouse. The idea was to obtain a more uniform 
colchicine penetration of the buds. In Petunia seeds LEVAN (1939 b) has tried 
this method; he reports, however, that the lethality was very high (only 93 
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surviving plants from about 2000 seeds). In the experiments of the present 
author shoots with fruit buds of the appropriate stage were covered by test 
tubes and one at a time inserted into a vacuum pump glass shade through the 
top tube. Round the shoot an effective tightening was achieved by means of 
rubber stopper and paraffin. The test tube was nearly filled with 1 or 1 ‘/2 per 
cent colchicine solution. The pressure in the shade was kept at 18—45 mm Hg 
for 5—10 minutes, the best results being obtained at 25—35 mm Hg. Many air 
bubbles were seen coming from the lenticels of the bark but also from the tips 
of the buds. Wounds on the twigs were covered with melted paraffin to avoid 
too much air leakage. When the normal air pressure had been restored after 
the vacuum the shoots were left in the colchicine solution for 5 minutes to 24 
hours. In the flower buds the best uptake was found at 1—4 hours’ after-treat- 
ment. In the leaf buds the longest time, 24 hours, gave the best results. All fruit 
buds were, however, killed or severely damaged in their P.M.C’s during this 
long treatment, especially in the stronger solution of 11/2 per cent. The deve- 
lopmental stage and the result of treatment were controlled in aceto-carmine 
stains. 

In February and March this year a new series of experiments were carried 
out with pot trees of several varieties of diploid plums and sweet and sour 
cherries. Plum twigs of easily forced varieties were also taken from trees in the 
orchard. The vacuum was kept between 25—35 mm Hg in accordance with the 
experience of the preceding year. The plums were treated for 7—8 minutes in 
1 or 11/2 per cent colchicine solution at this low pressure; for the cherries the 
time was extended to 10 minutes. In the 1 per cent solution the shoots had to 
stay 3 to 4 hours after the vacuum, in the 1'/2 per cent solution only 1—2 
hours. In most experiments the treatment was given to anthers in the reduction 
division stage but in some cases to very young P.M.C’s and archespores. 

The investigations of the anthers after the pollen formation indicated that the 
best results had been obtained by treatment during the reduction division stage, 
and that the treatment at earlier stages gave a very high proportion of aborted 
P.M.C’s. In flowers where giant pollen grains were found often half the number 
of anthers contained only normal haploid grains. The reason seems to be that 
the stamens belong to different development stages. In stone fruit flowers the 
inner circles of stamens develop earlier than do the outer ones (contrary to the 
case in apples and pears). However, a few flowers of the plum variety Beauty 
had giant pollen grains in all their anthers. Some of these anthers had one 
theca with pollen grains of diploid type whereas the other theca contained 
grains of presumably tetraploid constitution. It should be noted that in many 
fruit buds all flowers carried normal pollen after the treatment, which may 
depend upon too late treatment or too small colchicine uptake. 

The purpose of the treatments was to produce giant pollen grains for cross 
experiments. Since most flowers in question contained anthers with giant pollen 
grains as well as normal ones it was necessary to make a selection. If mixtures 
of normal and giant pollen grains are used for pollination probably the pollen 
tubes of the haploid grains will grow faster in the style than those of the giant 
ones. It was quite easy to carry out the selection in a preparation microscope 
magnifying about 30 times. In another microscope magnifying about 70 times 
a control of the selected and burst thecae could be performed. Especially good 
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results were obtained with the plum varieties Beauty, Burbank, Santa Rosa, and 
0—3010. In these varieties more than 50 per cent of the flowers had one or 
many stamens with giant pollen. Similar results were reached in the sweet 
cherry Heinrichs Riesen. Other varieties with giant pollen grains in many 
anthers were Frogmore, Allman Gulréd Bigarra and Ostheimer. 

The styles of the treated flowers were usually dead or severely damaged. 
They seemed to be more sensitive than the stamens. In flowers with normal 
pistil no colchicine effect could be found in the anthers. 

Some pollen germination tests were made in 15 per cent cane sugar solu- 
lion. No disturbances in the germination of the giant pollen grains were ob- 
served. Even after 4 hours these grains presented just as good pollen tubes as 
did the normal haploid grains. 

The pollination experiments with giant pollen grains in 1953 have resulted 
in some seedlings with higher chromosome number. The diploid cherry variety 
Napoleon was fertilized by giant pollen of the colchicine treated diploid 
cherry Rivers Early. When the fruits were going to ripe the embryos were 
prepared for cultivation in a nutritional solution according to the method 
proposed by TUKEY (1934). Among 17 investigated seedlings 3 plants with the 
triploid chromosome number (2n=24) were found. In plums only a few seed- 
lings developed, all having the normal diploid number. 

This year a great many pollinations have been carried out. Judging from 
the fruit set good results can be expected in plums as well as cherries. Experi- 
ments with apples have also been started this year, and Mr. ANJOU (unpubl.) 
Sickles that giant pollen grains have been found in the diploid varieties Cox’s 
Orange, Cox’s Pomona and Ingrid Marie. 

The method seems to offer some new prospects in the breeding program- 
me. It is usually presumed that the Duke cherries (2n=32) have originated 
spontaneously by the fertilization of Prunus cerasus (2n=32) with unreduced 
diploid pollen from P. avium (2n=16). This hypothesis will now be tested in 
experiments. Another aspect is to produce new tetraploid P. avium by ferti- 
lizing the available, highly sterile types with giant pollen from the best market 
varieties of sweet cherries. In apples and pears it will be possible to obtain 
new triploids and tetraploids from the best varieties and types. In the treat- 
ments of apples some triploids are consequently also included in order to pro- 
duce triploid pollen grains for these pollination experiments. 

Balsgard Fruit Breeding Institute, Fjalkestad, Sweden. 
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S. FROsT: The genetic effect of accessory chromosomes 
in Centaurea scabiosa. 


Accessory chromosomes (also called B or supernumerary chromosomes) 
have been found in a large number of species both in plants and animals (for 
a review of the botanical literature on this subject, see TISCHLER, 1953). 

Among plants accessory chromosomes have been most extensively studied 
in rye and maize. In these two species a detailed cytological study of their 
behaviour and structure as well as an analysis of their transmission has been 
made. For rye, see MUNTZING, 1944, 1945, 1946, 1948; HAKANSSON, 1948; 
MUNTZING and LIMA-DE-F ARIA, 1949, 1952; and for maize, DARLINGTON and 
UpcotTtT, 1941; RANDOLPH, 1941; ROMAN, 1947, and others. 

Data on the genetic effect of accessory chromosomes are more scanty. In 
a study on the genetic effect of accessory chromosomes in rye MUNTZING (1943) 
found a negative effect on vegetative development and fertility. The effect on 
the vegetative development was non-linear; the effect of high numbers of 
accessory chromosomes being comparatively stronger. The same negative effect 
has also been found in maize (RANDOLPH, 1941). 

The genetic effect of accessory chromosomes in Centaurea scabiosa has 
been studied in a similar way as in rye and maize. 

A study of the transmission of the accessory chromosomes in Centaurea 
(data given by FROST in MUNTZING, 1954) as well as direct cytological observa- 
tions have proved the existence of a certain degree of meiotic elimination in 
most plants. As there is no evidence of a mechanism for numerical increase 
of the accessories in this species, as is the case especially in the grasses, e. g., 
Secale, Zea, Anthoxanthum, and Festuca, it seems likely that at least under 
some conditions the meiotic elimination is compensated by natural selection 
for plants having accessory chromosomes. If this were not the case it would be 
difficult to understand how they can maintain themselves in natural popula- 
tions. Studies of the geographical distribution of plants with accessories have 
shown that especially in some geographical areas accessory chromosomes are 
very common (data given by FROsT in MUNTZING, 1954). 

To test an eventual positive effect of accessory chromosomes a series of 
experiments were carried out: in the field as well as in a greenhouse. Characters 
such as plant weight, fertility, earliness and germination capacity were studied. 

All the results now reported concern the effect of a low number of acces- 
sory chromosomes. The low numbers, being most common in natural popula- 
tions, are consequently of special interest to investigate. (Out of 1700 plants 
with accessory chromosomes from 92 natural populations about 72 per cent 
had only 1, 2 and 3 accessories.) 

Field experiments. — The material for these experiments consists of the 
progenies from five crosses of the type (20+1 acc.) X (20+1 acc.), originating 
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from two male sterile mother plants which were siblings. Of the five paternal 
parents, which were not related, three were crossed with one mother plant and 
two with the other. The crosses were made in the following way: With the aid 
of a brush the pollen was applied to the receptive stigmatic surfaces of the 
flowers selected as mothers. All heads used as maternal as well as paternal 
parents had previously been isolated well before flowering. The seeds obtained 
were sown in small pots in the autumn of 1952. Root-tips were then fixed and 
the chromosome numbers determined. During the winter the plants were kept 
in a cold frame and were planted out early next spring, at a distance sufficient 
to avoid competition between individuals. The chromosome numbers in the 
material (the five progenies taken together) were distributed in the following 
way (the number of accessories in brackets): (0) 237 plants, (1) 197 plants, and 
(2) 125 plants. The sum of plants being 559. 

In the autumn they were cut down and weighed individually, excluding 
the root-system. The result is seen in Table 1. As there was no heterogeneity 
between progenies they were all put together. 





Table 1. 
Number Plant weight n x 
of ace. in gr. 
chr. 0—100—200—300—400—500—600 —700—800—200—1000—1100 gr. 
0 7 #13 338 56 44 42 20 12 4 6 — 237 439,45 
1 3 14 23 36 47 29 27 9 4 5 — 197 457,62 
2 2 6 12 28 6 #29 16 12 2 1 4 125 480,40 
12 33 68 120 107 100 63 33 10 12 1 559 


As seen, there is a positive correlation between plant weight and number 
of accessory chromosomes. This correlation was tested by means of a covari- 
ance analysis and gave an r-value of 0,0827 with a t’-value of 3,85 corresponding 
to a P of 0,05. The difference between the various progenies with respect to the 
average plant weight was rather small but no doubt increases the variation 
within chromosome numbers and in this way tends to lower the significance. 
When the subdivision of the material in progenies was considered and the joint 
correlation coefficient within progeny is calculated the result was an r-value= 
0,0968 with a t’-value of 5,22 corresponding to a P intermediate between 0,02 and 
0,05. 

From this result one may conclude that there is no negative effect of the 
accessory chromosomes on the plant weight in the present material. On the 
contrary there are indications of a positive effect. 

Experiments in the greenhouse. — A series of similar experiments have 
been made in the greenhouse under more controlled conditions. The plants 
were grown in a greenhouse bed in sandy, calcerous soil carefully mixed. This 
type of soil is dominating in areas where accessory chromosomes are most 
frequent in Sweden. 

The material used was the progeny of a single cross (20+1 acc.) X (20+1 
acc.). The distribution of chromosome numbers (see Table 2) was about the 
same as for the material used in the field experiments. As all the plants are 
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siblings it is to be expected that the genotypic variation irrespective of acces- 
sories will be the same in all the groups of different chromosome numbers. 
Moreover, the modificative variation in this experiment should be smaller than 
in the earlier mentioned and small differences between groups thus easier to 
detect. 

After germination in Petri dishes the seedlings were transplanted to the 
greenhouse bed. After about three months the plants were cut and weighed, 
root-tips were fixed and the chromosome numbers determined. The result is 


given in Table 2. 


Table 2. 
Number Plant weight n x 
of ace. in gr. 
chr. = 1,0—1,5—2,0—2,5—3,0—3,5—4,0 —4,5—5,0—5,5—6,0—6,5—7,0—7,5—8,0 gr. 
0 9 35: 17 32 2% 15 13 8S 1 22 2 — 1 148 3,21 
1 8 11 13 13 30 25 16 20 10 8 4-1 3 162 3,72 
2 3 4 2 6 it 8 12 9 4 121 %1— 64 3,82 





20 30 33 51 65 48 41 37 21 11 8 3 2 4 374 


As seen, plants with one and two accessory chromosomes have an average 
plant weight of 3,72 gr. and 3,82 gr., whereas the corresponding figure for plants 
without accessory chromosomes is 3,21 gr. This difference was tested by means 
of an analysis of variance. The mean square for between and for within series 
is 52,13 and 6,98, respectively, which gives a v’=7,47 corresponding to a P-value 
smaller than 0,001. For a more detailed analysis the sum of squares for “be- 
tween’ was divided into two parts. One corresponding to the variation between 
plants without accessory chromosomes and the sum of plants with accessory 
chromosomes. The other sum of squares gives the variation between plants 
with 1 and 2 accessory chromosomes. 





Cause of variation Degrees of Sum of Mean square 
freedom squares 
Between plants without and the sum 
of plants with 1 and 2 accessories 1 102,3728 102,3728 
Between 1 and 2 accessories ........ 1 1,8785 1,7685 
NWATEEIED USERICS) oie: 5:5-c101015) 00 s10 oleles ost eiels ore 371 25892995 6,9792 
373 2693,5508 


When plants without accessory chromosomes are tested against plants 
with 1 and 2 the quotient obtained is 14,67 which gives a P-value smaller than 
0,001. Plants with 1 accessory chromosome contrasted against plants with 2 
accessory chromosomes gives a quotient of 3,72 with a P-value very close to 0,05 
(the value 0,05 corresponds to the quotient 3,84). Thus there is a significant 
difference in plant weight between individuals without and with 1 and 2 acces- 
sory chromosomes. It is less certain whether there is a difference between 
plants with 1 and 2 accessory chromosomes, respectively. 
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This experiment demonstrates that 1 and 2 accessory chromosomes have 
a stimulating effect on vegetative development but this conclusion must be 
limited to the present material and the special environmental conditions during 
the experiment. It is also restricted to the early stage of development of the 
plants. As already mentioned, the plants were harvested already after three 
months to avoid competition between the plants. The problem of competition 
is certainly of interest but may be taken up in another connection. 

Discussion and conclusions. — Summarizing the results of the experiments, 
it can be concluded that 1 and 2 accessory chromosomes in the present material 
and under the actual experimental conditions have a stimulating effect on the 
vegetative development of the plants. This effect, however, is fully clear only 
in the experiments carried out in the greenhouse. The significance of the results 
obtained in the field grown material is weak. The difference between the results 
of the experiments in the field and the greenhouse may depend on genotypic 
differences between the materials or on the fact that the environmental condi- 
tions in the greenhouse were more favourable for plants with accessory chro- 
mosomes. The difference may also be due to a stronger manifestation of the 
effect of the accessory chromosomes during the early stages of the vegetative 
development. The most probable explanation, however, is that the modificative 
variation in the field was bigger than in the greenhouse. This makes differences 
between chromosome numbers more difficult to detect. 

As mentioned above, rather little has been published about the genetic 
effect of accessory chromosomes. The data available have been mainly obtained 
in rye (MUNTZING, 1943) and maize (RANDOLPH, 1941). RANDOLPH studied the 
effect of accessory chromosomes on segregation of a number of genes in maize, 
but no influence was observed. On the other hand, it could be shown that a 
large number of accessory chromosomes had a detrimental effect on vitality 
and fertility. MUNTZING studied the effect of the accessory chromosomes in rye 
on plant vigour and fertility and found a similar negative effect. With respect 
to the vegetative development this effect was marked only when higher num- 
bers of accessory chromosomes were present whereas fertility was affected 
already by lower numbers. Also in Centaurea high numbers of accessory 
chromosomes have a negative effect on plant vigour (unpublished data). This 
is also demonstrated in natural populations where plants with higher numbers 
of accessory chromosomes are rare, although they could not only be produced 
in experimental crosses but were also easily maintained in culture. 

The results in rye where even low numbers of accessory chromosomes 
have a deleterious effect in most respects are not inconsistent with those now 
presented for Centaurea scabiosa. One may assume that the response of a plant 
to accessory chromosomes depends on genotypic constitution as well as on 
external environmental conditions (cf. WHITE, 1951). 

It is thus very probable that also in Centaurea a low number of accessory 
chromosomes is deleterious or neutral under certain conditions. The data on 
the geographical distribution (data by FROsT in MUNTZING, 1954) show that 
in certain regions accessory chromosomes are common and in others practi- 
cally absent. These differences in frequency of accessory chromosomes are 
probably not accidental but correlated with certain edaphic and climatic 
factors. 
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It is not known whether the demonstrated effect of low numbers is limited 


to Centaurea scabiosa. Recently, BOSEMARK (unpublished data), however, has 
found indications of a similar positive effect of low numbers of accessory 
chromosomes in Festuca pratensis. 


16. 


17. 


Institute of Genetics, University of Lund, Sweden. 
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. LIMA-DE-FARIA: The difference between a smear and a 


squash. 


The two terms smear and squash are often used incorrectly as synonyms 
cytological literature or are employed with rather vague meanings. The 








534 ABSTRACTS 





difference between the two terms is not a simple academic one but they stand 
for two quite different methods which fulfil distinct ends in cytological 
technique. 

The main differences between a smear and a squash are the following: 

(1) A smear is normally made of a tissue composed of free cells or cells 
that are loosely held together. Smears are made, for instance, of blood tissue 
in animal cytology and of pollen mother cells or pollen grains in plant cyto- 
logy. Squashes can be made of these same tissues as well as of other tissues in 
which cells are well kept together, such as tadpole tails, salivary glands, root 
tips, or leaf buds. 

(2) The material used for a smear is living at the time the smear is made. 
The material used for a squash can be fixed and stored until it is used in the 
making of the preparation. 

(3) A smear is made by spreading the cells of a tissue over the surface of 
a slide with the aid of another slide or a flat honed scalpel. In this way the 
cells, as well as the chromosomes, are separated from each other more than 
they were in the original tissue. In the squash the cells are pressed between 
cover slip and slide. This pressure over the cells is applied after the tissue has 
been made into very small pieces constituted by groups of a few cells. 

(4) In a smear, once the material is spread over the slide, most fixing 
mixtures may be used. As the cells lie in a single layer and can be put into 
direct contact with the fixing mixture, the fixatives normally used are of the 
osmic and Navashin types, because these two kinds of fixatives, as a rule, give 
the best type of fixation. The formalin which hardens the tissues can be used, 
without reserve, because cells and chromosomes have been spread at the be- 
ginning of the procedure. In a squash, on the other hand, very few types of 
fixatives can be used if the material is going to be stored. The fixatives most 
commonly used are those of the acetic-alcohol type. If the squash is to be made 
at once, fixatives of the Navashin or Benda types may be used, but only for 
a short period of time. The material should not in any case become hard; 
otherwise the cells cannot be well spread when the pressure is applied. 

(5) When the smear is made the exact meiotic stage cannot be checked 
easily and the spreading and staining of the chromosomes can only be ob- 
served at a later stage. When a squash is made the exact meiotic stage can be 
checked at once as well as the degree of staining and spreading of the chromo- 
somes. 

(6) The stains used in smears and squashes are usually different. As a 
rule, crystal violet and fuchsin-sulphurous acid are used for smears. They have 
the advantage of giving a clear contrast between the cytoplasm and the chro- 
mosomes. Iron-aceto-carmine, aceto-orcein and aceto-lacmoid are commonly 
used for squashes. These stains were introduced in cytology in connection with 
the development of the squash technique. They fix and stain simultaneously 
due to the 45 % acetic acid that they contain. However, such use of the dif- 
ferent stains rests in part on tradition, because smears as well as squashes may 
be stained with all the stains just mentioned, although not to equal advantage. 

(7) The smear was first used in animal histology primarily for the study 
of blood cells. It was introduced in plant cytology by TAYLOR in 1924 for the 
study of pollen mother cells. This technique had two big advantages over sec- 
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tions. It permitted a spreading of the cells and chromosomes, and it permitted 
at the same time a very quick and direct fixation of the chromosomes. The 
squash was introduced in plant cytology at about the same time (BELLING, 
1921, 1926). It represented a further advance, because cells and chromosomes 
in plant tissues other than pollen mother cells and pollen grains, could be 
spread and thus more easily observed. At the same time the squash technique 
furnished a very rapid method of inspecting the meiotic and mitotic stages. 

(8) One of the main advantages of the squash over the smear lies in the 
use of fixed material which can be stored for a few months. This permits the 
fixation of large amounts of material at a certain date — as during the flower- 
ing period of a species — and its use in preparations made at a later date. A 
second advantage lies in its application to nearly all of plant and animal tissues. 
Tissues which are too hard for a squash can be softened in several ways, or 
the cells can be made to separate more easily from each other. A third ad- 
vantage is that the exact stage, and also the degree of spreading and staining 
of the chromosomes, can be much more easily watched when making a squash 
than when making a smear. On the other hand, a smear has several advantages 
over the squash. A better fixation can be easily secured because it is possible 
to place the cells quickly and in direct contact with the fixative. The difficulties 
of shrinkage and loss of cells during the procedure of making the preparations 
permanent are not so great in the case of a smear. Moreover, a good contrast 
between cytoplasm and chromosomes is more difficult to obtain with the stains 
normally used for making squashes than with those used for smears; fuchsin- 
sulphurous acid will result in good contrast in both cases. 

A detailed description of a smear may be found in LA Cour (1937, p. 242 
and 1947, p. 218) and a detailed description of a squash in LA Cour (1947, p. 

224) and in LIMA-DE-FARIA (1948). 
: Institute of Genetics, University of Lund, Sweden. 
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S. ELLERSTROM and A. HAGBERG: Competition between diploids 
and tetraploids in mixed rye populations. 


When tetraploid and diploid rye have possibilities to intercross, triploid 
embryos are formed. Most of these embryos abort in an early embryonic stage 
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(HAKANSSON and ELLERSTROM, 1950; MUNTZING, 1951; LOWENSTEIN, 1951). In 
practice this means a decreased seed setting often followed by a lowered yield 
of grain. Some artificial autotetraploids, e.g. rye, are now grown on a large 
scale. There is a risk that this tetraploid rye will be pollinated from adjacent 
fields of diploid rye and also that diploid seed will be mixed into the tetraploid. 
The first risk is easy to avoid by always keeping a sufficient distance between 
fields with diploid and tetraploid crops. The other risk is more insidious. So 
far, the only way to check if the tetraploid lots are mixed with diploid seed is 
to count the chromosome numbers in seedlings from random samples. 

From a practical as well as from a theoretical point of view it is of 
interest to know what happens when different proportions of autotetraploid 
and diploid rye are mixed. In order to study this problem tetraploid rye was 
mixed with increasing percentages of diploids and sown in plots, 400 sq. m. 
each, separated from each other. One of these plots (I) was sown with care- 
fully controlled pure tetraploid seed as a standard, the others were sown with 
the tetraploid seed mixed with diploids, as follows: 


Plot I II Ill ay. sf VI VII VIII 
Per cent of diploids 0 7/; 1 : * *& 16 32 


In addition, 20 well marked diploid plants were included in each of the plots 
II—VIII. These plants were continuously followed and the seed setting was 
examined at harvest time. Normally, diploid rye has a seed setting of 75—80 
per cent; the tetraploid rye has 60—65 per cent, in plot I of the present ex- 
periment 63 per cent. In plot II the seed setting of the diploid plants was 
found to be 1,7 per cent and in plot VIII 31 per cent. On an average the tetra- 
ploid plants of plot VIII have a seed setting of 38 per cent, the lowest value 
found in tetraploid plants from the plots investigated. Thus, the frequency of 
diploids can be expected to decrease in this mixture because of higher fertility 
of the tetraploid. 

It is of interest to study the vegetative competition. We were not able to 
examine individual plants of the populations but we estimated the proportions 
of diploid and tetraploid spikes by checking the chromosome numbers in 400 
random spikes of plot VIII and 150 of plot VII. This analysis revealed 27 per 
cent diploid spikes instead of theoretically expected 32 per cent, and 9,3 per 
cent instead of 16 per cent, respectively. Thus, the diploid plants were also 
vegetatively suppressed by the tetraploids in the mixtures. This phenomenon 
will be studied more in detail in a repeated experiment. 

The frequency of diploids in the plot progenies, i.e. the progenies from 
the original mixtures, proved for plot VIII to be 16,9 per cent or about half the 
frequency of germinable diploid seed mixed into the mother lot. The harvest 
of plot VII contained 2,3 per cent diploids instead of the original 16 per cent. 
Plot VI contained 0,6 per cent instead of 8. In the progenies of the other plots 
we did not find any diploids at all. Thus, the tetrapleid rye shows a good 
ability to self-purification. This experience agrees with that gained from the 
commercial multiplication of tetraploid rye. It has proved rather easy to keep 
an elite of tetraploid rye free from diploids. This is definitely more difficult in 
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tetraploids of clover species. Especially the tetraploid alsike clover has proved 
very difficult to keep free from diploids but also tetraploid red clover has 
caused some trouble of this kind. E.g. a lot of commercial seed of tetraploid 
red clover containing 15 per cent of dipleids was sown on two different farms. 
An analysis of the harvest of the two independent fields revealed that the 
proportion of diploids had increased to 65 and 75 per cent, respectively. There 
must be an equilibrium level in mixtures between diploids and tetraploids, 
where the frequencies may be unchanged through generations. In rye this 
equilibrium is at a diploid frequency higher than 32 per cent, but in red clover 
it is below 15 per cent. 


It is interesting to study the correlation between the yield of grain and the 
different proportions of diploid and tetraploid rye in a mixture. The standard, 
plot I, yielded about 4000 kgs per hectare and plot VIII yielded 3400 kgs per 
hectare. The yield is lowered but not so much as we might expect with regard 
to the low seed setting. The yield of straw is especially high in plots with a 
high frequency of diploids. The relation between grain and straw yield is of 
some interest. Plot I had a grain/straw index of 0,74 and plot VIII had 0,59. The 
size of grain increases with increased frequency of diploids in the mixtures. 
Plot I gave a 1000-grain weight of 38 g and plot VIII gave 51 g. The low seed 
setting and the resulting low number of grains per unit area are partly com- 
pensated by the increased size of the grain. 

The material further permits a comparison, in regard to the size of grain, 
between tetraploid plants and diploid plants with the same percentage of seed 
setting. At 35 per cent seed setting, the diploid plants gave an average 1000- 
grain weight of 38,3 g; the comparable value for tetraploid plants was 43,2 g. 
Since tetraploid rye has a lower seed setting than diploid, the difference in 
grain size is usually much greater. As a rule, tetraploid rye has about 50 per 
cent larger grains than diploid. 

This abstract is a preliminary report from a study of artificial polyploids 
and their behaviour when commercially multiplied and grown as farm crops 
on a large scale. The data here presented are the results from only one year 
and must therefore be taken with caution. 


The investigation has been facilitated by financial support from the Swe- 
dish Agricultural Research Council. 
Svalof in April, 1954. 
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Kk. G. LUninc: Maternal influence on a case of variegation 
in Drosophila melanogaster. 











In some studies of induction of yellow mutations in Muller-5 chromo- 
somes (M5, sc51B InS w® sc’) (BONNIER 1954; LUNING 1954) we obtained full 
mutants and mosaics. Among the mosaics there appeared three categories: first, 
those which were almost completely yellow but with a few grey bristles and 
hairs intermingled among the yellow ones — variegated yellow mutations; 
second, those with delimited grey and yellow areas with the latter including 
head, thorax or abdomen; and third, those with small yellow areas restricted 
to the thorax region. The latter group appeared in a rather high frequency — 
over 1 °/o. Their appearance was independent of irradiation of the M5 males 
while the first two types appeared only after irradiation of the M5 males. 
Further, the frequency of offspring with small yellow areas was lower with 
irradiated than with unirradiated mothers. 

The latter observation suggested that a further study of individuals with 
small yellow areas would be interesting from the point of view of the possible 
causes determining the formation of these areas. At the beginning of the ex- 
periments two different explanaticns seemed possible, viz. first somatic 
crossing over, and second a variegation effect with low penetrance of the wild 
type yellow allele which lies close to a heterochromatic region. 

The present paper deals with some preliminary experiments to narrow 
down the causes of the occurrence of these yellow areas referred to above 
before planning a more detailed investigation. 



































TABLE 1. Virgin yw sn females were collected and stored 2 days. They were 

divided into two portions, one of which was irradiated without etherization 

with about 3000 r., and the other maintained as a control. Both portions were 

mated immediately after the irradiation to M5 males. Eggs were collected the 
1st—3rd day and 8th—9th day after start of mating. 























‘iene 7, | 
Irradiated females | Non-irradiated females | 
| Time from | 
start of mating | Total number | With yellow area | Total number With yellow area | 
to egglaying | of /, daughters | of F', daughters | 
examined Abs. n:r | % | examined Abs. n:r | % | 
| Loa | os | lo | 3s 
| 1—3 666 4 0,6 1843 | 64 3,5 
| os | 817 | 39 | 36 | 868 | 30 | 35 | 


In the experiments in which the small yellow areas were first detected 
we had used yw sn females mated to M5 males. In the first test the same 
stocks were used but the M5 males were not irradiated. The females were 
divided into two portions of which one was irradiated and the other not. The 

' results are presented in Table 1. We see that irradiation cf the females in- 
fluences the frequency of yellow cases obtained together with a lessening of 
the effect as the time from irradiation to egglaying is increased. 
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TABLE 2. y'!® females mated to M5 males. 


























Diese af Total numbers With yellow area | 
experiment of F, daughters | 
examined Abs. n:r % | 
] 
I 574 43 7,5 
II 581 63 10,8 
Ill 592 55 9,3 | 
IV 1484 141 9,5 | 
| 
Total 3131 | 302 | 9,6 





In order to determine if the appearance of the small yellow areas was a 
peculiarity of the ywsn stock, the experiment was repeated with another 
yellow stock derived from an irradiation experiment in this laboratory, and 
denoted y'*. This experiment has been repeated four times and the results are 
presented in Table 2. The data are striking in that the frequency of individuals 
with yellow bristles was much higher with the y’® females than in the 
preceding test with the y w sn females. 


TABLE 3. 2 days old y'* females were irradiated with 3000 r and subsequently 
mated to M5 males. Eggs were collected in four 2-day periods. 














Time from Totalnumber | With yellow area | 
irradiation to | of F, daughters | 
egglaying examined | Abs. nr | % | 
| | 
2 | 1458 | 64 | 4,4 
3—4 1448 | 8 | 5, 
5—6 1158 | 44 3,8 
ae 1156 | 42 | 36 





There was also one experiment in which the y'® females were irradiated 
when 2 days old and immediately mated to M5 males. These results are 
presented in Table 3. They differ from the data in Table 1 in that there is no 
decline in the frequency of individuals with yellow areas with increasing time 
between irradiation and egglaying. The cause of this difference has not been 


investigated further. 


TABLE 4. M5 females mated to y'® males. 











Total number | With yellow area 
of F, daughters 
| examined Abs. n:r | % 





| | 
836 | 1 | 0,1 | 











540 ABSTRACTS 





Parallel to these experiments the reciprocal cross was made with M5 
females mated to y!® males. The data are presented in Table 4. The failure of 
appearance of individuals with yellow areas at the same rate as in the pre- 
ceding tests indicates that the cause of the formation of yellow areas can not 
be somatic crossing over as this phenomenon should be independent of the 
direction of the cross (STERN, 1936). Furthermore, it shows that there is a 
maternal effect on the appearance of yellow areas which, in turn, can be 
affected by irradiation. A maternal effect can be due to either autonomous or 
non-autonomous cytoplasmic factors. Before describing a test carried out to 
distinguish between these two alternatives, another experiment ought to be 
presented. 


TABLE 5. y“*! females mated to M5 males. 














| Total number | With yellow area | 
| of F, daughters 

| examined | Abs. n:r | % 

| 1 

879 | 9 a 


1 


Since yw sn and y'*® females when mated to M5 males gave different 
frequencies of daughters with yellow areas, it seemed desirable to test for the 
effect with a yellow stock deficient for yellow locus. Such a stock viable in a 
homozygous condition was obtained some years ago from Dr. B. P. KAUFMANN. 
ga females were mated to M5 males. The results are presented in Table 5. 
The low frequency obtained is obviously different from those obtained when 
ywsn or y'® females were used. 


TABLE 6. y'*/yef females derived from reciprocal crosses were 
mated to M5 males. 

















| Totalnumber | With yellow area 
Grandmother a 
ak of F, daughters | 
| examined | Abs. nr % | 
| | | 
y16 858 5 0,6 
| yder | 830 | 9 1,1 





Since a maximum difference exists between y'® and yf stocks, it seemed 
most convenient to use them in a test of whether autonomous or non- 
autonomous plasmic factors are influential in producing the maternal effect 
referred to above. For that reason reciprocal crosses were made, viz, 
y® OOxytef 23 and y*f 92xy"* 6 3. Virgin F, daughters from each cross 
were mated to M5 males. The results are presented in Table 6. As can be seen, 
the data from both series are about the same as that obtained from the y“ ¢ 
stock (Table 5). It indicates that the occurrence of yellow areas seems not to 
be caused by autonomous plasmic factors since the reciprocal crosses give the 
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same results. This suggests that the plasmic factors are gene controlled pro- 
ducts. Further, the results were even more striking when one considers that 
the heterozygote y'*/yef females gave the same result as the y®*! stock. This 
could be due either to an effect of yellow locus or to modifying genes with a 
dominant effect in the y“f stock. This will be further studied in future 


experiments. 


TABLE 7. M5 females were irradiated with 3000 r and subsequently mated 
to y*® males. Eggs were collected the first three days ajter irradiation. 








Total number With yellow area 














of F, daughters | 
examined Abs. n:r % | 

| 

| 866 | 0 0 | 





As occurrences of individuals with yellow areas appeared to be determined 
by gene products from the mother, which could, in some manner, be in- 
activated by irradiation, it seemed possible that in M5 females similar gene 
products, but originating from the wild type allele, could be inactivated by 
irradiation to give cases with yellow areas when mated to y'® males. To test 
this M5 females were irradiated and mated to y!® males. Eggs were collected 
the first three days after irradiation. The results are presented in Table 7. As 
can be seen, there is no effect of irradiation of M5 females in producing 
yellow areas. 


Summary. — When Muller-5 males are mated to y females there are 
individuals among the offspring which show small yellow areas on the thorax. 
The frequency of these individuals is determined by the particular y stock 
used. These rates were shown to decrease when the females were irradiated. 
When the reciprocal cross was made there was a very low frequency of yellow 
areas — only one case was obtained. It is concluded that the occurrence of 
high rates of yellow areas can not be due to somatic crossing over. It is 
further shown that this maternal effect seems not to depend on autonomous 
plasmic factors. 

Institute of Genetics, University of Stockholm. 
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H. O. T. SUOMALAINEN: The chromosome number of Neomysis 
vulgaris L. (Crustacea, Mysidae). 








The Crustacea constitute one of the major animal groups, yet, despite their 
common occurrence, they have attracted the interest of the cytologists relatively 
little. The presented status of our knowledge of Crustacean chromosomes can 
be appreciated on the basis of MAKINO’s (1951) »Atlas of the chromosome num- 
bers in animals». In this work, the chromosome numbers of 156 Crustacean spe- 
cies are listed, which means that only little more than one half per cent of the 
known species have been submitted to cytological investigation. 

As far as the author is aware, no information has been published con- 
cerning the chromosomes of the Mysidacea, a smallish order comprising about 
300 species, and of a somewhat uncertain systematic position. As a first result 
of the author’s investigations on the cytology of these shrimps, the spermato- 
gonial chromosome number of Neomysis vulgaris is recorded in this paper. 

The author’s material of this species, which is common on the shores of 
the Baltic Sea, was collected on the SW coast of Finland at the Tvirminne 
Zoological Station (approx. 59° 50’ N lat., 23° 15’ E long.), at the end of July 
and at the beginning of August, 1952. At this time, the littoral swarms of the 
species consisted of males and females in a ratio of 1 to 12—15. The testes 
gave beautiful squash preparations by the use of the aceto-carmine method 
after pre-fixation in acetic alcohol (1:3 or 1:2) for 15 mins. They contained 
large numbers of spermatogonial cells in various phases of mitosis, but no 
signs of even the beginning of meiosis were recorded. The number of cells at 
different stages of mitotic prophase was especially high, thus indicating a slow 
progress of the spermatogonial divisions. Groups of cells at full metaphase were 
relatively rare. The metaphase plates were of the crowded type characteristic 
of most Crustacea. In the clearest cases 36 separate chromosome elements could 
be counted. The exact determination of the chromosome number is, however, 
rendered somewhat uncertain by the difficulty of distinguishing whether some 
»bipartite» elements really are two small chromosomes located near another, 
or one larger metacentric chromosome with a well accentuated primary con- 
striction. If the former suggestion is correct, the number of chromosomes is 
2n=36 (n=18). 

The knowledge of the chromosome numbers in the Mysidacea has a cer- 
tain cytotaxonomic significance. From MAKINO’s list it can be seen that the 
lower Crustacea commonly called Entomostraca have haploid chromosome 
numbers ranging from 4 to 21 (excluding certain older counts which indicate 
still lower numbers in two species of Cyclops). In the Isopoda, species occur 
with low chromosome numbers (n=6, 7 or 8), while most of them possess 
haploid numbers between 24 and 31, occasionally even + 60. In the inadequately 
studied Amphipoda, certain species of Gammarus, for instance, have n= 13, 
while other related forms have approximately the double number. Finally, in 
the Decapoda, the haploid numbers vary from 34 to 127, those between 52 
and 64 being the most common ones. On the whole, it can thus be stated that 
in the Crustacea, the »type» chromosome numbers of the different orders are 
roughly correlated with the average size of the animals, and that the more 
primitive groups also generally have lower numbers than the more advanced 
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ones. Until more detailed investigations on the cytogenetics of Crustacea have 
been made, it cannot be decided whether this state of affairs may be regarded 
as evidence of polyploidy in the chromosomal evolution in this group. 

If further investigations should prove that the type number of the Mysi- 
dacea is around 18 (haploid), this would certainly emphasize the special 
position of this group among the Malacostraca, also indicated by its other 
characteristics. The Mysidacea were formerly classified together with the 
Euphausiacea as Schizopoda, but the two orders are now believed to be distant 
and placed in different subclasses (or divisions) of the Malacostraca, viz. in 
Peracarida and Eucarida, respectively. An undetermined species of Euphausidae, 
investigated in 1909 by TAUBE (cf. MAKINO, op.c., who places it erroneously 
among the Decapoda), has shown the diploid number 38. Of course, it is not 
advisable to give exaggerated significance to the resemblance in the chromo- 
some numbers of these two groups, but it certainly fits with the hypothesis 
that in the evolution of the chromosome complements of the Crustacea, the 
usual trend has been from lower to higher numbers of chromosomes. 

Department of Zoology, University of Turku, Finland. 
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